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FOREWORD 

THIS is one of a series of Eagineering MoQOgraphs 
published by the British Broadcasting Corporation. 
About six are produced every year, each dealing 
with a technical subject within the field of television and 
sound broadcasting. Each Monograph describes work 
that has been done by the Engineering Division of the 
BBC and includes, where appropriate, a survey of eariier 
work on the same subject. From time to time the series 
may include selected reprints of articles by BBC authors 
that have appeared in technical journals. Papers dealing 
with general engineering developments in broadcasting 
may also be included occasionally. 

This series should be of interest and value to engineers 
engaged in the fields of broadcasting and of telecom- 
munications generally. 

Individual copies cost 5s. post free, while the annual 
subscription is £1 post free. Orders can be placed with 
newsagents and booksellers, or bbc publications, 35 

MARYLEBONE HIGH STREET, LONDON, W.l. 
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V.H.F. AERIAL GAIN CALCULATION USING TABLES OF MUTUAL RESISTANCE 

BETWEEN THE RADIATING ELEMENTS 

SUMMARY 

A method for calculating the gain of a v.h.f. aerial from the mutual resistances between the radiating elements is described. 
The computation of mutual resistances between dipoles and unipoles mounted on a support mast is discussed. A set of 
tables of mutual resistances is included, together with notes on their use. 



1. Introduction 

Directional transmitting aerials are frequently used at 
v.h.f. to prevent co-channel interference and to concen- 
trate the power radiated in the directions in which it is 
needed. One type of aerial commonly used consists of 
columns of dipole or unipole radiating elements mounted 
around a mast; in general the number of elements in each 
column is diPFerent, while the currents in the individual 
elements may also be unequal. The calculation of the 
power gain of such an arrangement is not straightforward. 
Gain calculation by integration of the power radiation 
pattern would require the computation of patterns in a 
large number of planes and would be very laborious. The 
alternative method of gain calculation from the mutual 
resistances between radiating elements is therefore more 
attractive, but mutual resistance tables for dipoles in free 
space cannot be used because of the presence of the sup- 
port mast. To overcome this difficulty, mutual resistances 
between dipoles and unipoles mounted on a conducting 
cylinder have been computed. The method of computation 
is described in this monograph, which also contains a set 
of tables and notes on their application to specific aerial 
problems. In calculating aerial gains the mutual resistances 
tabulated in this monograph are used in conjunction with 
tables of horizontal radiation patterns (h.r.p.s.) contained 
in Reference 1. 



2. Gain Computation from Mutual Resistance 

The radiating elements of a v.h.f. aerial may be of one of the 
three types shown in Fig. 1. Let us suppose that such an 
aerial consists of w identical radiating elements of the same 
type mounted at arbitrary positions on a cylindrical sup- 
porting structure, subject only to the restriction that the 
elements must all be at the same distance from the cylinder 
axis. Let the current in the/) th element be /^ (a complex 
quantity) and the mutual impedance between the p th and 
^th elements beZp^, the self-impedance of the/j th element 
being denoted by Zpp. Then the power radiated by the/) th 
element is 

P^ = ReZ^V; (1) 

where Re denotes 'the real part of, Zp is the input imped- 
ance of the/) th element and Ip is the complex conjugate 
of A. 



langenlial 
dipole 



vertical 
dipole 




Fig. 1 — Types of radiating element 

The input impedance of the/) th element is the sum of its 
self-impedance and the mutual impedances of the other 
elements, modified in accordance with the current ratios. 
We therefore have 






Pi 



(2) 



pq 



Substituting in Equation (1) we have 

P^^Re^VJZ, 
The total power radiated is therefore 



(3) 



(4) 



f)=l (r=J 



Now the imaginary part of Z^, has no effect on this result, 
because the sum of the coefficients of Z^^ and Z^p (which 
are equal) is y*+/^/*, a real quantity, while the co- 
efficient of Zpp is also real. The total power radiated is 
therefore 



P—Z^Z. f/pj^pq 



(5) 



where Rp^ is the mutual resistance. 



The power radiated by a single element carrying a cur- 
rent / (assumed real) when all the other elements carry 
zero current is 

Pi^P-Rii (6) 

where J?^ is self-resistance of an element. From Equations 
(5) and (6) we may write 



P 1 " 



ivj 



(7) 



where r^, denotes the ratio of the mutual resistance be- 
tween the p th and q th elements to the self resistance of a 
single element. 

We now apply this result to the calculation of the gain 
of the array. 

Fig. 2 is a plan view of the cylinder and the p th element. 
The relative field strength in the horizontal plane due to 
the p th element alone may be expressed in the form 



E,=IJi4'-a.) 



(8) 




reference axis 
Fig. 2 — Cylinder andp th radiating element 

where/(i^ — a^) is the complex radiation pattern of a single 
element, tabulated elsewhere.^ The relative field strength 
due to the complete array is therefore 



E^J^I,M-a,) 



(9) 



^=1 



A reference element situated at a = carrying a current 
/radiates, in a specified direction <f>„ a field strength given 
by 

E,=m<f>.) (10) 

The gain G„(<^) of the array relative to that of a single 
element on the cylinder may now be derived from Equa- 
tions (7), (9), and (10), as follows 



2lV(<^--/.)l^ 



^.=1 



1/(^^)1*2 2 v?'-. 



Pi 



(11) 



f =1 5=1 



It should be noted that Equation (11) gives the gain of 



the array in the direction^ relative to the gain in the direc- 
tion i^j. For vertical and tangential dipoles ^j is specified 
as zero but for radial elements it is specified as 90"". The 
field from the reference element is not necessarily a maxi- 
mum in the specrfied direction. 

The gain G(<f>) of the array relative to a A/2 dipole in free 
space is the parameter of practical interest; this is given 
by the expression 



G^J^\TJ{4>-a,)\^ 



p=i 



i/(^.)l'2 2v;'-> 



p/) 



(12) 



p_i ,=1 



where G^ is the gain of an element at a = 0, in the specified 
direction <^j, relative to a A/2 dipole in free space. The cal- 
culation of Gj is discussed in Section 4. 

It is important to note that the gain of a directional 
aerial is a function of the azimuth angle <^. The perform- 
ance of a directional aerial is often expressed in terms of 
its effective radiated power (e.r.p.); this is equal to the 
power supplied to the aerial multiplied by G{4>) and is also 
a function of azimuth. Further quantities sometimes re- 
ferred to are the mean or r.m.s. gain and the correspond- 
ing mean e.r.p. ; the mean gain G^ is defined as the gain of 
an omnidirectional aerial whose h.r.p., plotted in polar 
co-ordinates, has the same area as the h.r.p. of the array. 
Stated formally 



]\E(4>)\'d4> 



-G(^tt) 



(13) 



"-""2^|£(<^o)|=' 
where <f>o is a value of ^ at which G{4>) and E{<f>) are known 



3. The Computation of Relative Mutual 
Resistance 

In order to facilitate the use of Equation (12), tables of 
rp^ for the three types of radiating elements have been 
computed and are contained in Section 9.2. The computa- 
tion of these tables is discussed in this Section. 

The method of computation involves integration of the 
radiation pattern of a pair of radiating elements in order 
to find the total power radiated. A comparison is then 
made with the power radiated by a single element; this 
enables the relative mutual resistance of the pair of ele- 
ments to be deduced. Details of this procedure are as 
follows: 

Fig. 3 shows a cylinder of radius a with two radiating 
elements A^ and A^ displaced vertically by a distance c and 
in azimuth by an angle a. Both elements are at the same 
distance b from the cylinder axis. The point O will betaken 
as the origin of a spherical polar co-ordinate system (r, 9, 
4>), the lower element being located at ib, \, o). 




Fig. 3 — A cylinder with two radiating elements 

We assume initially that the lower element carries unit 
current while the upper element carries zero current. In 
general the field at a great fixed distance due to the lower 
element will contain both Ee and E^ components ; we may 
denote them by E9{9,4>) and E4,(d,tf>) respectively, since they 
are functions of both 9 and <f>. The power radiated by the 
single element Js then given by 



where A! is a constant and 5 denotes the surface of a sphere 
of large radius enclosing the aerial. 

If the upper element carries unit current it produces a 
similar radiation pattern, but with (}> replaced by <^ ^ a and 
the phase advanced by ^c cos d radians, where /3 = 2ir/A. 
When both elements carry unit current the field compon- 
ents are therefore 



E^d,4,) ^Es{d,4>) - Eo{e,4 - a)£>j^' ™5« 



(15) 



E;(e,4) = Ed.6S -I- E4e,<l, - a)e^^^ ^- « (16) 

The powerPa radiated by the two elements is given by an 
expression similar to Equation (14) but with Ee and E^ in 
place of Ze and E^. 

Now P] is proportional to Ra and P^ to 2(^s + Rj„), 
where Ji^ and R^ are the self and mutual resistances of the 
elements. It follows that the relative mutual resistance 
r = R^fRs is given by 



2P, 



1 



(17) 



E^ and Ei for doublets and dipoles near cylinders are 
compUcated functions of 6 and 4> given by Carter's for- 
mulae.^ The computation of Pi and P^ is not straightfor- 
ward since it must be done by numerical integration. 
Attention is confined here to the following brief discussion 
of the methods of computation for vertical, tangential and 
radial radiating elements. 



3. 1 Vertical Radiating Elements 

For vertical radiating elements Carter gives an expres- 
sion for the radiation pattern of a short doublet ; it contains 
only an Ee component. The radiation pattern of a half- 
wave dipole is of more practical interest, however, and it 
can be obtained from Carter's formula by including the 
v.r.p. factor of a vertical dipole in free space. The result is 



Ee- 



cos (^ COS 6) 



sin d 



where 



Vn = hWb sin 9) - ij^^a sin B) 



-[V6 + l^j"V^co&n4>] (18) 

n-l 

n^^^K^b sin 0) 



H„^2)(^a sin ff) 



(19) 



In Equation (19) J„ and H,/''> denote Bessel and Hankel 
functions of order n. 

The computation of Pj and P^ from these formulae gives 
the relative mutual resistance between half-wave dipoles, 

3.2 Tangential Radiating Elements 

Carter's expressions for the distant field radiated by a 
tangential doublet contain two components given by 



E^ = -j[ W^o + 2 2 }" ^n COS n<t,] 



(20) 



-j2 cos 6 



iS^si 



;osp ST 

^^ Z^nV^ sm n<f> (21) 



11=1 



where 



fV,, = Kipb sin 6) - ma sin g) ";'|,^f '] ^^ (22) 

in which J„ and H„'^)' denote the derivatives of the Bessel 
and Hankel functions with respect to the argument. F„ 
was defined in Equation (19). 

These formulae cannot be extended to tangential dipoles 
since the currents flowing in the latter, although pre- 
dominantly tangential, also contain radial components. 
Consequently relative mutual resistance tables can only 
be computed for tangential doublets. The use of these 
tables for dipoles may be justified by the fact that relative 
mutual resistances between dipoles in free space are very 
similar to those between doublets. 



3.3 Radial Radiating Elements 

Carter gives the following expressions for the distant 
field radiated by a radial doublet; 



E^,^- 



-J2 



n=\. 

Eo =j cos 6{D^ + 2 2 i^^n cos "</>] (24) 



where 



5„ = JiiSA sin d) - JX^a sin 6) 



Hj^X^b sin 6) 
H„(^>'Ofl sin 6) 



H ""'(35 sin e) 
D^ = KWb sin e) - J„(j3fl sin g ^,,)^^^ ^i^ g/ 



(25) 
(26) 



Radiating elements used in practice consist of base driven 
unipoles mounted on the surface of the cyhnder; they are 
usually A/4 long although greater lengths are sometimes 
used. Although Carter's formulae could be extended to 
unipoles by integrating along their length, this additional 
compUcatioQ is hardly worth while because it is permis- 
sible to replace a short radiator by a doublet situated at 
the centroid* of its current distribution.^ Since the centroid 
of a A/4unipoleis approximately 0- 5 radiansfrom its drive 
point, pb — /3a was set equal to - 5 in all the computations. 

It can be shown that the first term of Carter's formula 
for Ee, Equation (24), tends to infinity at 6=0 and v, 
whilst the remaining terms tend to zero, as do all the 
terms of the series for E^. The Ee component behaves as 
1/(0 log^) in the neighbourhood of = 0, and is therefore 
virtually dependent on 6 only. This is equivalent to saying 
that the electric field near the cylinder is dominated by a 
radial component at distances from the origin large com- 
pared with the overall dimensions of the aerial. The asso- 
ciated magnetic field component is circumferential and the 
direction of travel of this dominant wave is along the axis 
of the cylinder. 

When performing an outward-power-flow integration 
over an enclosing surface using Carter's formulae, it can 
be shown that the contributions due to the two portions of 
the surface which lie inside the cylinder are vanishiogly 
small if these portions are sufficiently far from the origin. f 
In other words, the large £9 component when 8 is small 
does not contribute significantly to the total power flow. 
It appears, therefore, that the method used in this report 
for calculating mutual resistances remains valid for radial 
unipoles. It will be seen in Section 5 that measurements of 
mutual resistance between radial unipoles mounted on a 
conducting cylinder show very close agreement with the 
theory. 

Because of the influence of the dominant wave men- 
tioned above, the mutual resistance between a pair of well- 
spaced radial doublets decreases slowly (approximately as 
1/log /9c) as their separation along the cylinder axis in- 
creases and it is virtually independent of their angular dis- 
placement a. 

* Wc have to imagine that the iinipole has a mass distributed along 
its length, the mass per unit length at any point being proportional to 
the current at that point. Then the centre of gravity (or centroid) of 
this mass would correspond to the centroid of the current distribu- 
tion. 

t Over these portions of the surface the principal part of the power 
flow integral takes the form 



"l-^ iTzBde 



lie 



J (eiogBf log Jt- log a 


where R is the distance from the origin of the surface of integration. 
As R tends to infinity this contribution to the integral tends to zero. 



4. The Gain of a Single Element 

The quantity of G^ in Equation (12) was defined as the 
ratio of the gain of one element on the cylinder relative to 
that of a A/2 dipole in free space. The calculation of this 
quantity is discussed in this section. 

We consider first the gain of a single radiating element 
on a cyhnder relative to an identical element in free space. 
Since the total power radiated by the element in free space 
is independent of its orientation, it will for convenience 
be assumed to be vertical. Its radiation pattern is then in- 
dependent of(f> and contains only an Eo component, which 
may be written as sin 6 for a doublet or as cos (f cos0)/sin 9 
for a A/2 dipole. The power radiated by the element in 
free space is then given by 



Pg=4TTK\Elsm9de 




(27) 



where Kis the constant appearing in Equation (14). 

The presence of the cylinder modifies the field radiated 
by the element, the field components now being given by 
the appropriate Carter formulae. The power radiated by 
the element is then equal to P^, given by Equation (14). 

Carter's formulae are stated here in such a way that if 
the cylinder vi'ere removed, the element would radiate unit 
field in its direction of maximum radiation. It follows, 
therefore, that the quantities P^ and Pj may be directly 
compared. It also follows that the formulae give the field 
£1 in the specified direction ip^ (defined in Section 2) cor- 
rectly scaled to the maximum field radiated by an element 
in free space. The gain G^ of a single element in the pre- 
sence of the support cylinder, relative to an identical ele- 
ment in free space, is therefore given by 



G, 






(28) 



The quantity d is stated above each mutual resistance 
table. 

In the tables for vertical elements this is the gain of a 
single element relative to a A/2 dipole in free space, since 
Carter's formulae modified for A/2 dipoles were used for 
the computation. 

In the tables for tangential elements G^ is the gain of a 
doublet on the cylinder relative to a doublet in free space. 
For cylinders of small radius Gi is approximately equal to 
the gain of a A/2 dipole on the cylinder relative to a A/2 
dipole in free space; thus the gain of an array of doublets 
relative to a doublet in free space may be assumed to be 
approximately equal to the gain of a similar array of 
dipoles relative to a dipole in free space. 

In the tables for radial elements, Giis the gain of a single 
doublet on the cylinder relative to a A/2 dipole in free 
space ; the gain is referred to a A/2 dipole rather than to a 
doublet since the doublet on the cylinder is a good approxi- 
mation to a A/4 unipole. 

To summarize, substitution of the value of G^ given 
above each table into Equation (12) gives the gain of an 



array of dipoles or unipoles on the cylinder relative to a 
A/2 dipole in free space for all three types of radiating ele- 
ments; the gain is exact for vertical dipoles and a close 
approximation for tangential dipoles and radial unipoles. 



5. Verification of the Method of Computation 

Because of the complexity of the computer programme re- 
quired for this work it was considered prudent to check its 
accuracy by using the tables to compute the gains of 
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Fi^. 4 — Comparison of computed and measured mutual resistances r between tangential elements 

Computed values for tangential doublets, j5a = ) ■ 25, 0i = 2 - 50 

o Measured values for tangential dipoles, ^a = 1 ■ ] 8, ^6 = 2' 50 



aerials whose gains could be calculated by other methods. 
This test was carried out for vertical dipoles since no 
approximations are involved in the computation of their 
mutual resistances. Gains calculated from the mutual re- 
sistance tables for rings of vertical dipoles were compared 
with gains calculated directly by radiation pattern integra- 
tion and found to differ by less than 1 per cent ; this agree- 
ment was considered satisfactory. 

The assumption that mutual resistance tables for tan- 
gential doublets can be used for tangential A/2 dipoles was 
tested by comparing the tabulated values with model mea- 
surements using dipoles. This comparison is shown in 
Fig. 4, in which the three curves show relative mutual re- 
sistance as a function of vertical separation for three 
different angular separations. The measurements, vvhich 
were made during the development of the Norwich tele- 
vision aerial (Vision, 56-75 Mc/s; Sound, 53-25 Mc/s), 
occur in groups because the positions of the dipoles on 
the cyhnder were fixed; the small ranges of separation 
within each group result from the measurements having 
been made over a band of frequencies. The comparison 
shows that the use of the doublet approximation results in 
an error when the vertical separation between the dipoles 
is small; elsewhere the approximation appears to be satis- 
factory. 

It was also considered prudent to test the accuracy of 
the mutual resistance tables for radial doublets because it 
was uncertain whether the infinities in Ee occurring at 
5=0and7r(referredtoJnSection3.3)Tendered themethod 
of computation invalid. Measurements, made during the 
development of the Peterborough FM aerial (90-1 Mc/s- 
94 - 5 Mc/s), of the impedance of apairof unipoles mounted 
on a square-section cylinder* were used for this test. The 
unipoles were first mounted on separate cylinders 5 A apart 
so as to minimize their mutual impedance. They were then 
placed in the desired relative position on a common 
cylinder, the resulting change in impedance being assumed 
to be equal to their mutual impedance. These measure- 
ments, which were made between unipoles on the same 
and on adjacent faces, are compared in Fig. 5 with com- 
puted values for doublets near a circular cylinder having 
the same perimeter; the agreement shows that the theory 
is valid. 

As a further check the radial doublet tables were used to 
calculate the gain of two doublets driven in antiphase and 
mounted diametrically opposite each other on a cylinder 
of diameter small compared with the wavelength. This 
arrangement simulates a half-wave dipole mounted on a 
boom, as in a Yagi aerial, and its gain should be approxi- 
mately equal to that of a A/2 dipole in free space. This was 
confirmed by calculating the gain of the pair of antiphase 
doublets in the direction <;t = 90° for /3a = ■ 25, j3A = ■ 75 ; 

* Cylinders of other than circular cross-section may be regarded 
as having an 'equivalent radius' provided that the width H^ of each 
face is not greater than ■ 5A. for a square section and 0- 3X for a tri- 
angular section. The equivalent radii are 0-59 Pf and 0-42W for 
square and triangular sections respectively for vertical elements. 
With tangential and radial elements the equivalent circular cylinder 
may be assumed to be that which has the same perimeter as the poly- 
gonal cylinder. 



the result obtained was a gain of 1 -025 relative to a dipole 
in free space. In passing it should be noted that the gain G^ 
(given above each table) of a single radial doublet on a 
cylinder is considerably less than unity because it gener- 
ates a pair of axial cylindrical surface waves ; with two anti- 
phase doublets, however, the surface waves are suppressed. 
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Fig. 5 — Comparison of computed and measured mutual 

resistances r between radial elements 

Computed values for radial doublets on a circular cylinder 

o Measured values for radial unipoles on a square-section cylin- 
der 0-37X wide 



6. Conclusions 

Calculation of the gain of directional v.h.f. aerials is simpli- 
fied by the use of the mutual resistance tables contained in 
this monograph because the need for radiation pattern 
integration is avoided. The tables cover the range of mast 
sizes and element spadngs normally encountered at v.h.f. 
and can be used for any arrangement of radiating ele- 
ments, provided all the elements have the same spacing 
from the axis of the mast. The tables may be applied to ele- 
ments mounted on square and triangular section masts by 
assuming an equivalent circtiiar cylinder. The accuracy of 
the tables has been verified both experimentally and by 
applying them to aerials whose gain can be calculated by 
other methods. 

The mutual impedance between radial unipoles has 
been found to decrease very slowly as their separation in- 
creases because they are coupled by surface waves propa- 
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gating along the mast. The generation of surface waves can 
be avoided in an array by a suitable choice of inter-tier 
spacing, thereby preventing the reduction of gain which 
would otherwise result. 
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9. Appendices 

9.1 Notes on the Use of the Tables in Section 9.2 

The tables give the relative mutual resistance between 
two elements displaced vertically and circumferentially 
around a cylinder. The vertical separation in wavelengths 
(c/A) is given in the extreme left-hand column and the 
angular separation in degrees in the headings of the other 
columns. Each table also gives the gain Gj of a single ele- 
ment on the cyhnder as discussed in Section 4. The ex- 
amples below dernonstrate the way in which the tables are 
used. 

9.1.1 Aerials with Dipoles Carrying Equal Currents 

The example chosen is a 90 Mc/s aerial consisting of 
eight tiers of horizontal dipoles mounted on a cylinder, as 
shown in Fig. 6. The cylinder radius is 1 -0 m and the 
dipoles are 1-8 m distant from the axis of the cyhnder; 
these dimensions correspond approximately to Pa=2-0 
and |9Z)= 3 ■ 5 (see Section 3). The inter-tier spacing is ■ 5 A, 
Referring to Fig. 6, it will be seen that (in the example 
chosen) the dipoles have been divided into eight groups, 
each denoted by a different letter, all the dipoles in a given 
group being identically situated and therefore having the 
same impedance when all dipoles carry equal currents. In 
order to determine the total power radiated by the aerial 
the relative resistance of the dipoles in each group must be 
found from the mutual resistance tables. This part of the 
calculation is set out below, it being assumed that values 
computed for doublets can be apphed to dipoles with little 
error. The quantities i?^, Rg, etc., are the ratios of resist- 
ance of a single doublet in each group to that of its self- 
resistance in the presence of the cyhnder. 
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Fig. 6 — V.h.f. aerial for which the gain is calculated in 
Section 9.1.1 



Dipole A 




TIER 




1 1-000 


= 1000 


2 0-O78-h2xO'O32-O-0O5 


= 0-137 


3 -O-056-2x0-O58 + 0049 


= -0-123 


4 0-028 


= 0-028 


5 -0-017 


- -0017 


6 0011 -2x0-001 +0-025 


= 0-034 


7 -0005 + 2 xO-004-0-024 


-^ -0-021 


8 0-002 


0-002 



R. 



1040 
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Dipole B 




Dipole 


F 






TER 




T[ER 








1 0-078 


= 0-078 


1 




0-049 


= 0-049 


2 1-000 + 2X0-132-0-037 


= 1-227 


2 


0-078 + 2 X 0-032- 


-0005 


0-137 


3 0-078 + 2 X 0-032-0005 


0-137 


3 


1-OOO + 2X0-132- 


-0-037 


= 1-227 


4 -0-056 


= 0-056 


4 


- 


-0-005 


= -0-005 


5 0-028 


0-028 


5 




049 


^ 0-049 


6 -0-017-2XO-006-0-011 


=. -0-040 


6 


0-028 + 2x0-025- 


-0-015 


= 0-063 


7 0-011 -2x0-001 +0025 


= 0-034 


7 - 


-0-017-2x0-006- 


-0-011 


= -0-040 


8 -0-005 


= -0-005 


8 




0-025 


0-025 



R. = 1-403 



i?. = 1-505 



Dipole C 




Dipole 


G 






TIER 




TIER 








1 -0-005 


- -0-005 


1 


-0-058 




- -0-058 


2 1-000 + 2x0- 132-0-037 


= 1-227 


2 


0-078 + 2x0-032- 


-0-005 


0-137 


3 0-078 +2x0-032 -0-005 


0-137 


3 


1-000^2x0-132- 


-0-037 


1-227 


4 0-049 


0-049 


4 


0-032 




- 0-032 


5 -0-015 


= -0-015 


5 


0-058 




-0-058 


6 -0-017-2x0-006-0011 


- -0-040 


6 


0-028---2x0025- 


-0-015 


0-063 


7 0-011-2x0-001+0-025 


0-034 


7 


-0-017-2x0-006- 


0-011 


- -0040 


8 -0-024 


= -0-024 


8 


-0-001 




.- 001 



R. 



1-363 



Ji<, 



1-302 



Dipole D 




Dipole 


H 




TIER 




TIER 






1 0-032 


0-032 


1 


0-028 


0-028 


2 1-000 + 2x0-132-0-037 


- 1-227 


2 - 


-0-056-2X0-058 + 0049 


- -0-123 


3 0-078 + 2x0-032-0-005 


- 0-137 


3 


0-078 + 2 xO-032-0-005 


= 0-137 


4 -0-058 


= -0-058 


4 


1-000 


1000 


5 0-025 


0-025 


5 


0-078 


= 0-078 


6 -0-017-2x0-006-0-011 


= -0-040 


6 - 


-0-056-2 X 0-058 + 0-049 


= -0-123 


7 0-On 2x0-001+0-025 


0-034 


7 


0-028 + 2x0-025-0-015 


= 0063 


8 0-004 


= 0-004 


8 - 


-0-017 


= -0-017 



R. 



1-361 



Rn 



1-043 



Dipole E 






TIER 






1 -0-056 




- -0-056 


2 0-078+2x0-032- 


-0-005 


0-137 


3 l-000 + 2x0-132- 


-0-037 


1-227 


4 0-078 




0-078 


5 -0-056 




= -0-056 


6 0-028 + 2x0-025- 


-0-015 


0-063 


7 -0-017-2x0-006- 


-0-011 


= 0-040 


8 0-011 




= 0-011 



R. 



1-364 



For convenience, let us assume that a single dipole on the 
cylinder, carrying unit current, radiates one unit of power. 
Then the total power radiated by the aerial, when each 
dipole carries unit current, is 

2[R^ + R^ + Rc + Ri, + Rk + R^ + R« + Rn\=26-G9 

The h.r.p. of the aerial may be calculated from the h.r.p. 
table for a single dipole, given on p. 31 of Reference 1, and 
is shown in Fig. 7. The field is greatest at<^=0. If we assume 
that a dipole in free space carrying unit current radiates 
unit field, then the tables of Reference 1 give the field 
radiated by a dipole, carrying unit current, on a cyhnder. It 
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(^ = 




r.m.s.f laid = 0-585 



Fig. 7 — Theoretical h.r.p. of typical v.h.f. aerial 
Numbers against dipoles itidicate number of dipoles on that bearing 



follows therefore that the field radiated by the aerial in the 
direction ^=0 is equal to: 

g(^ 1-444 -70-713) + 8(- 0-209 +jO- 194) 

+ 4(0- 162 -jO- 570) = -12- 58 -76-43 

This field has an amplitude of 14- 13. 

The table in Reference 1 also shows that a single dipole 
on the cylinder, carrying unit current, produces a field of 
— 1 '444- /0-713 (amplitude 1'610) in the direction 
^=0. 

The gain of the array in the direction i^ = relative to a 
single A/2 dipole on the cylinder is therefore: 



Gain - 



Power radiated by dipole 
Power radiated by array 

t Field radiated by array ~|^ 
Field radiated by dipole J 



1-00 



26-09 



14-13y 
1-610/ 



^2-952 



The gain (in the direction ^=0) of a doublet on the 
cylinder relative to a doublet in free space is the value de- 
noted by Gj (2 - 544) at the head of the table. This figure is 
snbstantially the same as the gain of a Xjl dipole on the 
cylinder relative to a A/2 dipole in free space. Thus the gain 
of the array (in the direction ^ =0) relative to a A/2 dipole 
in free space is : 

2-952x2-544=7-51 (8-8dB) 

The mean gain of the aerial may be calculated from its 
mean field, defined as the radius of the circle which has the 
same area as the h.r.p. In the example considered the ratio 
between the mean and maximum field is 0-685. The mean 
gain of the aerial is therefore: 

7-51 x0-685^ = 3'52 (5-5dB) 

relative to a A/2 dipole in free space. 

The gain figures stated above may be in error by about 
0-2 dB because two assumptions were made in their cal- 
culation : 
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(a) The mutual resistance values for doublets were 
assumed to be correct for dipoles. 

(b) The gain of a doublet on a cylinder relative to a 
doublet in free space was assumed to be equal to the 
gain of a A/2 dipole on the cylinder relative to a A/2 
dipole in free space. 

Had the gain of an array of vertical dipoles been calculated 
these assumptions would have been unnecessary and the 
gains would have been exact. 

9.1.2 Aerials with Dipoles Carrying Unequal but Co-phased 
Currents 
The radiation pattern of Fig. 7 can also be achieved with 
an aerial consisting of identical tiers, each tier containing 
four dipoles, but with the dipoles in the position !/>=0 
carrying twice the current of the other dipoles. Fig. 8 
shows a single tier of this arrangement; we will proceed to 
calculate the gain of an aerial consisting of one tier. The 
gain of a twelve-tier aeria! is calculated in Section 9.1.3. 



2(-l-444-;0-713) + 2(-0-209+;0-]94) + 0-162 

-yO-570 = 3-144-jl-608 

This has an amplitude of 3 ■ 531 

A single dipole on the cylinder carrying unit current 
radiates a field of r 610 in the direction c^=0. 

The gain of the four dipoles, in the direction <l>=0, rela- 
tive to a single dipole on the cyhnder is therefore: 

1-00 /3-531V ^ „^ 
rX -r-^TTT =0-575 



8'362 Vl-610 

The other gainfigures are determined as in Section 9. 1 .1. 
Thus the gain in the direction =0 relative to a dipole in 

free space is: 

0'575x2-544 = l'463 (r7dB) 
and the mean gain is : 

1 -463 X 0-6852 =0-686 (_i.6dB) 



(i.O 



o- 



Fig, 8 — A tier of dipoles carrying unequal but co-phased 

currents 

Numbers against dipoles indicate currents 

Because of the rmequal currents the dipoles must be 
divided into three groups, designated A, B, and C. Their 
relative resistances are: 

Jf^ = l+K0,90=)+M0480^) 
R^=l+ 3r(0,90°) + /-(CI 80°) 
R„ = l+ 2r(0,90°) + 2r(0,180°) 

where r(0,90'') and r(0,180°) denote the relative mutual re- 
sistance between dipoles at the same level but with angular 
separations of 90° and 180° respectively. 

If a single dipole on the cylinder, carrying unit current, 
radiates unit power, the total power radiated by the tier is: 

4R^ + 2R^ + R^ = 7^\ 2f (0,90°) + 6^(0, 1 80°) 

= 7 + 12x0- 132^6x0-037 = 8' 362 

The field due to the four dipoles, in the direction ^ =0, 
is (from Reference 1) equal to: 



9. 1 .3 Aerials with Large Numbers of Identical Tiers 

Consider a 90 Mc/s aerial with twelve tiers of the type 
described in Section 9.1.2. Although its gain may be cal- 
culated by the method described in Section9. 1.1 ("withdue 
allowance for the unequal currents) this would be very 
laborious because the dipoles must be divided into eighteen 
diiferent groups and calculation of the resistance of each 
group entails the summation of no less than thirty-six 
terms. However, as the tiers are identical, the calculation 
may be greatly simplified by first calculating the relative 
mutual resistances between complete tiers and then finding 
the gain of twelve tiers relative to one tier. The result ob- 
tained in Section 9.1.2 may then be used to derive the gain 
of the aerial relative to a A/2 dipole in free space. The pro- 
cedure is as follows : 




Fig. 9 — Two identical tiers 

Consider two tiers separated by a distance x/X as shown in 
Fig, 9. Because of the unequal currents the dipoles must 
be divided into three groups. The relative resistances of 
one dipole in each group are : 
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R^ = l+ r(0,90°) + MO. 180°) + r{x,0) 

Iij,^l + 3r(0,90°) + r(0,180°) + r{x,0) 
+ 3r{x,90°) + r(x,n0°) 

i?c = 1 + 2r(0,90°) + 2r(0,1 80°) +r{x,0) 
+ 2/-(x,90")-^2f(jc,180°) 

where r{x,a) denotes the relative mutual resistance be- 
tween dipoles having an angular separation of a. and a 
vertical separation of Jc/A. 
The total power radiated by one tier is 

I\R, + J? J = k[4R^ + 2R, + R,\ 

= Ar[7 + 1 2/-(0,90°) + 6^(0, 180°) 

+ lr{x,<S) + 12K:c,90°) + er{x,\m°)-\ 

where / is the feed current to one tier as a whoJe, R^ is its 
self-resistance, iij, is the mutual resistance between the 
two tiers, and A: is a constant. 

The power radiated by one tier on its own, carrying the 
same current, is: 

PR^ =k[l + 12^0,90°) + 6f(0, 1 80')] 

From these two equations it follows that: 

['■R^=k[lr{x,Q) 4- 12^^,90°) -- 6r{x,\m°)] 

The relative mutual resistance between tiers is therefore: 

R» Irixfi) + I2r{x,90') + €r(x, 1 80=) 



Rs 



7-^12r(0,90°) + 6/-(0,180°) 



Rix) 



The aerial under consideration has twelve tiers spaced 
0-7A. The relative mutual resistance between all the tiers 
(i.e. values for separations which are multiples of ■ 7 A) are 
calculated in the table below : 



x/X 


r(x,0) 


r(x,90) 


/■(;r,180) 


/W 


Ji{x) 





1000 


0-132 


^0-037 


8-362 


1-000 


0-7 


-0-175 


-0-027 


0-022 


-1-417 


-0-169 


1-4 


0-068 


0011 


0-004 


0-632 


0-076 


2-1 


0-016 


-0-016 


0006 


-0-044 


-0-005 


2-8 


-0 028 


0-013 


-0-022 


-0-172 


-0-021 


3-5 


0-002 


-0-004 


0-022 


0-098 


0012 


4-2 


0-017 


-0-003 


-0-007 


0-041 


0-005 


4-9 


-0-009 


0-005 


-0-012 


-0 075 


-0 009 


56 


-0-011 


-0-001 


0-015 


001 


0-000 


63 


0-011 


-0-002 


-0 002 


0-041 


0-005 


7-0 


0-003 


0-002 


0-OU 


-0-021 


-0-003 


7'7 


-0-011 


0-000 


0-010 


-0-017 


-0-002 




m = '!r{. 


v,0)+12r( 


jc,90°) + 6K^,180°) 





From the tabulated values of R(x), the total power 
radiated by the array is: 

PR,[1 2R(0) + 22;?(0 • 7) + 20^( J ■ 4) + 1 8^(2 - 1) 

+ 1 6i?(2 ■ 8) + 14i?(3 • 5) + 1 2 J?(4 ■ 2) + 1 0ii(4 ■ 9) 

+ 8 J?(5 ■ 6) + 6R(6 - 3) + 4R{1 • 0) + 2i?(7 • 7)] 

This is equal to 9 • 528 times the power radiated by a single 
tier. 

The field radiated by the array is twelve times that 
radiated by a single tier. 

Thus the gain of the array relative to a single tier is equal 
to; 

12= 



9-528 



15-11 



The results obtained in Section 9.1 ,2 may now be used 
to determine the gain of the array relative to a dipolein free 
space. 

The gain irk the direction ^ = is therefore; 

15-n X 1-463=22-1 (13-4dB) 
The mean gain is 

1511x0-686=10-4 (10-2 dB) 

9.1.4 Aerials with Dipoles Carrying Unequal Currents 

If the dipole currents are not co-phased the calculation 
of the total power radiated is more complicated since the 
relative phases of the currents must be taken into account. 
Fig. 10 shows an aerial consisting of two tiers spaced 
0-8A. Each tier contains two dipoles which carry currents 
of l/O^ and 2y^45^; the resulting h.r.p. is shown in Fig. 11. 
The maximum field occurs in the direction opposite the 
dipoles carrying the current of 2 /45° (<^=0), There are 
two groups of dipoles, A and B, as shown in Fig, 10. 

We revert to the original assumption that a single dipole 
on the cylinder, carrying unit current, radiates unit power. 






r 

1 









Fig. 10 — Aerial with unequal currents 
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Fig. 1 1 — Theoretical h.r. p. of aerial with unequal currents 



Applying Equation (5) and talcing each dipole in turn, 
we find that the total power radiated is: 

1/0^ [1 X l/0^ + r(0,90°) X 2 /-45 = + KQ'8,0) X 1,/r 4-r(0-8,90=) X 2/ -45°] (dipole A, upper) 

+ 2/45° [1 X 2 /-45° + r(0,90°) X l/0^ + r(0-8,0) x 2 /-45° + r(O-8,90=) X 1/0^] (dipole B, upper) 

+ l/0_= [1 x 1/0;;-/-(0,90°) x 2 /-45° + K0'8.0) X l/(r + r(0-8,90") x 2 / -45° ] (dipole A, lower) 

+ Tj^ [ I x 2 / -45° + f(0,90°) X I ,/r + r(0- 8,0) x 2 / -45° + /-(O- 8,90^) X 1 /CT] (dipole B, lower) 

-10+r(0,90=) X 2(2/45° + 2 / - 45° ) + r(0- 8,0) x 10 + r(0-8,90'^) x 2(2/45° + 2 / - 45"' ) 

= 10 + 0-1 32 X 5-656 -0- 184 X 10 -0-047 x5'656 = 8-641 



The field radiated by the aerial in the direction <^ =0 is 
(from Reference 1) equal to: 

4( ~ 1 • 444 - jO ■ 7 1 3) (0 • 707 +;0 ■ 707) 
-2( -0-209 +yO- 194) = - 2-486 -J5-712 

This has an amplitude of 6-230. 

A single ^/2 dipole on the cylinder carrying unit current 
radiates a field of] -610 in the direction ^ = 0. 

The gain of the aerial in the direction (^=0, relative 



to a single A/2 dipole on the cylinder, is therefore: 



1-00 



6^y 

8-461'" Vl-610J 



1-77 (2-5 dB) 



The gain of a single dipole on the cylinder relative to a 
A/2 dipole in free space is approximately 2 • 544 (see Section 
9.1.1). Thus the gain of the aerial, in the direction <A=0, 
relative to a A/2 dipole in free space, is : 

l-77x2-544 = 4-50 (6-5 dB) 
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9.2 RELATIVE MUTUAL RESISTANCE TABLES 



9.2.1 VERTICAL DIPOLES 



Pa 


=0-25, 


lib= 


1-15, 


Gi = l- 


756 


c/A 


0° 


30° 


60"^ 


90° 


120° 


150° 


180° 


.0 


1.000 


.860 


.538 


.224 


.026 


-.062 


::o^ 


.1 


.968 


.831 


■M 


.214 


.022 


-.063 


.2 


■877 
.740 


.751 
.630 


.185 


.012 


-.0S3 


-."082 


:l 


.3S0 


.142 


-.003 


-.063 


-.077 


-575 


.m 


.282 


.092 


-.019 


-.062 


-,071 


.5 


.lto3 


.33^ 


.182 


.043 


-.032 
-.040 


..057 


-.061 


.6 


.2^5 


■ 197 


.092 


.002 


-.0^0 


-.050 


■I 


.lie 


.055 


.022 


-.026 


-.ohs 


-.OTO 


-.036 


■023 


.007 


-.023 
-.044 


-,o4o 


-.038 


-.027 


-.022 


■ 3 


-.031 


-.036 


-.O^ll 


-.028 


..015 


-.010 


1.0 


-.052 
-.o!l8 


..051 


-.046 


-.033 


-.016 


-.oo4 


.001 


1.1 


-.0^4 


-.034 


-.019 


-.oo4 


,005 


.008 


1,2 


-.030 


-.027 


-.017 


-.005 


.005 


,010 


.011 


u 


-.009 


-.007 


.030 


.006 


.010 


.011 


.011 


.007 


.069 


.011 


.012 


.011 


.009 


.008 


''•5 


.017 


.016 


.015 


.012 


.009 
.004 


.005 


.004 


1.6 


.017 


.016 


.013 


.009 


.001 


.000 


1;^ 


.012 


.on 


. .008 


,oo4 


,000 


-.003 


-,0o4 


.004 


.003 

-.004 


.001 


-.002 


-.004 


^.005 


-,005 


1.9 


-.003 


-.005 


-.005 


-.005 


-,005 


-,005 


2.0 


-.008 


-.008 


-.007 

-.004 


-.006 


-.005 


-,oo4 


-.003 


2.2 


-.006 


-,006 


-.002 


.000 


,001 


.001 


2.il 


.002 


.002 


,002 


.003 


.003 


,003 


.003 


£.6 


.005 


.005 


.oo4 


.003 


.002 


.001 


.001 


2.8 


.001 


.001 


.000 


.000 


-.001 


-.001 


-.002 


3.0 


-.003 


-.003 


-.003 


-.002 


-.002 


-.002 


-,002 


3.2 


-.002 


-.002 


-.002 


-.001 


.000 


.000 


.000 


3.11 


.001 


.001 


.001 


.001- 


.001 


.001 


.001 


3-^ 


.002 


.002 


.002 


,001 


,001 


.001 


,001 


3.8 


.000 


.000 


.000 


.000 


.000 


-,001 


-.001 


li.o 


-.001 


-.001 


-.001 


-.001 


-.001 


-.001 


-.001 


Pa 


= 0'25. 


Pb= 


2-75, 


Gi=0- 


676 


c/X 


0" 


30° 


60° 


90° 


120° 


150° 


180° 


.0 


1.000 


.658 


.060 


-.229 


-.204 


-.106 


-.065 


.1 


.963 


.630 


.050 


-.228 


-.199 


-.102 


-.061 


.2 


.659 

,704 


• 552 
.^37 


.022 


-.222 


-.155 


-.090 


-.051 


;? 


-,017 


-.212 


-.16^ 
-.134 


-.071 


-.035 


-520 


.302 


-.059 


-.'■95 


-.o'i9 


-.016 


.5 


.333 


,168 


-.095 


-.172 


-.102 


-.025 


.002 


.6 


.167 


.052 


-.118 


-.143 

-.108 


-.068 


-.003 


.019 


■} 


■ 039 
-.0^3 


-.032 


-.123 


-.036 


.015 


.030 


-.079 


-.111 


-.071 


-.009 


.027 


.037 


■ 9 


-.oSo 


-.091 


-.0S5 


-.037 


.01) 


.033 


.037 


1.0 


-061 


::lll 


-.051 


-.007 


.024 


.032 


.032 


1.1 


-.057 


-.018 


.015 


.028 


.026 


.023 


1.2 


-.ozh 


-.oi4 


.009 


.026 


.026 


.017 


.012 


]:l 


.006 


.013 


.026 


.029 


.019 


.007 


,002 


.026 


.029 


.031 


.024 


.010 


-.002 


-.006 


^•5 


.032 


.032 


,026 


.oi4 


.001 


-.008 


-.011 


1.6 


.027 


.024 


,016 


.003 


-.006 


-.011 


-.012 


1:^ 


.oil) 


.011 


.003 


-,006 


-.010 


-.010 


-.010 


.000 


-.002 


-.007 


-.011 


-.010 


-.007 


-.006 


1.9 


-.011 


-.012 


-.013 


-.012 


-.007 


-.003 


-.001 


2.0 


-.016 


-.015 


-,013 


-.009 


-.003 

.004 


.001 


.003 


2.2 


-.009 


-.007 
.006 


-.003 


.001 


.005 


.006 


2. It 


.005 


.007 


.006 


.005 


.003 


.002 


2.6 


.008 


.008 


.006 


.003 


.000 


-.002 


-.002 


2.8 


.001 


,000 


-.001 


-.003 


-.003 


-.003 


-.003 


3-0 


-.005 

-.004 


-.005 


-.005 


-.004 


-.002 


-.001 


-.001 


3"? 


-.003 


-.002 


.000 


.001 


.002 


.002 


3.^ 


.002 


.002 


.003 


.003 


.002 


.002 


.002 


3-^ 


.004 


.003 


.003 


.002 


.001 


.000 


.000 


3.8 


.000 


,000 


.000 


-.001 


-.001 


-.002 


-.002 


^.0- 


-.003 


-.003 


-.oos 


-.002 


-.001 


-.001 


-,001 



^ 


: = 0'25, 


Pb= 


2-25, 


Gi = l- 


197 


c/A 


0° 


30° 


60° 


90° 


120° 


150° 


180° 


,0 


1.000 


.781 


.336 


.000 


-.123 


-.130 


-.120 


,1 


.9G& 


.753 
.673 


.320 


-.005 


-.122 


-.lifi 


-."10S 


,2 


.d&3 


.2/5 


-.013 


~.U9 


i 


■723 


.552 


.209 


-.037 


-.114 


..105 

-.083 


-.093 
-.074 


.549 


.409 


.133 


-.05^ 


-.105 


.5 


.370 


,264 


.058 


-!o& 


-.092 


-.068 


-.054 


.6 


.208 


.134 


..oo4 


-.076 


-.047 


-033 

-,014 


:l 


.079 


,032 


-,o47 

-,068 


-.078 
-.067 


-.057 


-.026 


-.010 


-,034 


-.037 
-.018 


-.009 


.002 


■ 9 


-.057 


-.064 


-,o69 


-.049 


.005 


.013 


1.0 


-.068 


-.067 


-.054 


-.028 ■ 


-.002 


,01 4 


.018 


1.1 


-.055 


-.o4g 

-.024 


-.032 


-.008 


.009 


.017 


.019 


1.2 


-.030 


-.009 


.007 


.015 


.017 


.016 


\:l 


-.004 


.000 


.009 


.010 


.016 


.012 


,010 


.015 


.017 


.019 


.018 


,012 


.006 


,oo4 


1-5 


.023 


.023 


.021 


.015 


.007 


.001 


-.002 


1.6 


.022 


.020 


.015 


.008 


.001 


-.004 


-,oq6 


u 


.01 4 


,012 


.007 


.001 


-.004 


-,007 


-.007 


.003 


-.002 


-.002 


-.005 


-.007 


-,007 


-.007 


1.9 


-.oog 


-.007 


-.008 


-.008. 


-:oo7 


-,005 


-,oo4 


2,0 


-.011 


-.011 


-.010 


-.008 


-.005 


-.002 


-.001 


2,2 


-.007 


-.007 


-.oo4 


-.001 


.001 


.003 


.003 


2.4 


.003 


.003 


.004 


.oo4 


.004 


.003 


,003 


2,6 


,006 


.006 


,005 


,003 


,001 


. .000 


,000 


2,8 


.001 


,001 


.000 


-.001 


-,002 


-.002 


-.002 


3.0 


-.004 


-,oq4 


-.003 


-,003 


-.002 


-.002 


-.001 


3'? 


-.003 


-.003 


-,002 


-.001 


.000 


.001 


,001 


3-i 


.001 


,001 


.002 


.002 


. .002 


.002 


,002 


3-^ 


.003 


.003 


.002 


.002 


.001 


.000 


.000 


3.6 


.ODD 


,000 


.000 


.000 


-,001 


-.001 


-,001 


If.O 


-.002 


-.002 


-.002 


-.001 


-.001 


-.001 


-.001 


Pa 


!=0^5 


3 


Pb^ 


2'0, 


G, = \- 


906 


cjX 


0° 


30° 


60° 


90° 


120° 


150° 


180° 


.0 


1,000 


.825 


.448 


.129 


-.027 
-.028 


-,067 


-.070 


,1 


.969 


,798 


.432 


.121 


-,066 


-.066 


.2 


.879 


.721 


.384 


,101 


-.032 


-.062 


-,063 


•X 


.743 


.606 


.313 


,072 


-.036 

..o4o 


-.057 


-.056 
..dk6 


.580 


.467 


.229 


.039 


-,050 


.5 


.1)10 


.323 


.144 


.007 


-.042 


-.o4i 


-.035 


.6 


.252 


.191 


.068 


-.019 


-.o4i 


-.031 


-.023 


■1 


.122 


.084 


.009 


-.035 


-.036 


-.020 


-,013 


.029 


.008 


-.028 


-.041 


-.028 


-.010 


-.003 
,oo4 


.9 


-.027 


-.035 


-.044 


-.037 


-.019 


-.002 


1.0 


-.050 
-.048 


-,050 


-.044 


-.028 


-.009 


.004 


,003 


1.1 


-.032 


-,015 


,000 


,008 


.010 


1.2 


-.032 


-.021 

-,008 


-.015 


-.003 


,006 


.009 


.009 


1.3 


-.011 


.000 


.006 


,008 


.007 


,006 


1.4 


.006 


,007 


.010 


.011 


,008 


.005 


.003 


1.5 


.016 


,015 


.oi4 


,011 


.006 


.001 


,000 


i.S 


.017 


.016 


.013 


.008 


.002 


-.001 


-,003 

-,004 

-.oo4 


]-l 


.013 

.005 


,011 

.004 


.007 

,001 


.003 

-.002 


-.001 

-,003 

-,004 


-.003 

-.004 


1.9 


-.002 


-,003 


-,oo4 


-.oo4 


-.003 


-.003 


2.0 


-.007 


-.007 
-.006 


-.007 


-.005 


-.003 


-.002 


-,001 


2.2 


-.006 


-,oo4 


-.002 


.000 


.001 


,002 


2.4 


.001 


.002 


.002 


.002 


,002 


,002 


.002 


2.6 


.005 


.004 


.004 


.002 


,001 


.000 


.000 


2.8 


,001 


.001 


.001 


.000 


-.001 


-.001 


-.001 


3.0 


-.002 


-.002 


-.002 


-.002 


-.001 


-.001 


-,00t 


3.2 


-.002 


-.002 


-.002 


-.001 


,000 


.000 


.000 


3.4 


,001 


.001 


.001 


.001 


,001 


.001 


,001 


3.6 


,002 


.002 


.002 


.001 


,001 


,000 


.000 


3.8 


.001 


.000 


.000 


.000 


.000 


-.001 


-.001 



4.0 



.00] -.001 



.001 



.001 -.001 -.001 -.001 
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9.2. 1 Vertical Dipoles (conf.) 



Pa=0-5, 
c/\ 0° 30° 



.0 1 .000 

.1 .966 

.2 .870 

.3 ■ .725 
A 552 



1.5 
1.6 



.713 
.636 

.3S5 



5 .37^ -2^7 

6 .212 .123 

7 .082 .026 
6 -.007 -.036 
9 -.055 -,065 



t.O -.068 -.067 

1.1 -.056 -.050 

1.2 -.032 -.025 

1.3 -.006 -.001 

1.4 .013 -016 



'.8 !oo4 



023 ■ -023 

022 .020 
012 
002 

1.9 -.005 -.006 

2.0- -.010 -.010 
2,2 -.008 -.007 

2.4 .003 .003 

2.6 .Q06 .006 
2.8 .002 .001 



3 

3 h 
3-8 
40 



Pb =2-5, G, = 1-281 

60= 90° 120° 150° 180° 



^a^O-5, 



pb^3-0. 



Ci =0-580 



.2k6 -.062 

.233 -.064 

.106 -.071 . -..,„^ , 

.142 -.079 -.102 -.057 -.034 

.060 -.086 -.030 .,044 -.023 



118 -.077 -.053 

117 -.075 -.OSO 
111 -.068 -.0H\ 



.020 -.090 

.028 -.087 

.060 -.077 

.073 -.061 

.068 -.0!l2 

.052 -.022 

.029 -.oo4 

,007 -009 

.010 .016 

,013 .017 

.020 ,013 

.015 .007 

. 007 . 000 

.002 - . 005 

.007 -.007 

.009 -.007 

.004 -.001 

.004 .004 

.005 .003 

.000 -.001 



.004 -.003 

.003 -.003 

.001 .001 

.003 .003 

.001 .000 



..003 -.002 
-.002 -.001 

.001 

.002 

.000 



.075 -.030 -.010 

.058 -.016 .001 

.040 -.003 .010 

.022 .006 .016 

,007 .012 .018 



.004 

.011 

.014 

.013 

.009 



.015 .017 

.014 .013 

.011 .008 

,006 .003 

.001 -.002 



.004 -.003 -.005 

.001 -.005 -.006 

.004 -.005 -.005 

.006 -.004 -.004 

,005 -.002 -.001 

.003 .000 .001 

.001 .003 .003 

.003 .002 .002 

.001 -.001 -.001 

.002 -.002 -.002 



002 -.001 

000 .001 

.001 .001 ,001 

.001 .001 .000 

.000 -.001 -.001 



.002 



,002 



.002 -.001 



.001 -.001 



.000 
.001 
.001 
.000 
^001 

.000 



e/A 0° 30° 60° 



.0 1 .000 

.1 .963 

.2 .659 

.3 -lO* 

.4 .520 



.333 



.605 
■579 

.505 
.336 
.268 

.142 



.'167 .034 
.033 -.044 



u 



90° 120° 150° 

.03 If 
.032 

.025 

.014 

.002 



-.027 -.248 -.153 

..034 -.245 -.149 

-.054 -.235 -.136 

-.081 -.219 --117 

-.109 -.195 -.092 



130 

139 
7. .03a -.044 -.133 

8 -.045 -.086 -.112 

9 -.082 -.095 -.082 



1.0 -.083 -.078 -.046 

1.1 -.059 -.048 -.013 

1.2 -.026 -.014 .013 
.005 .013 .028 
.026 .029 .032 



1.5 .033 .032 .026 

1.6 .028 .025 .015 

1.7 .015 .012 .002 

1.8 .001 -.002 -.008 

1.9 -.010 -.011 -.013 

2.0 -.016 -.015 -.CI3 

2.2 -.009 -.007 -.003 

2.4 .005 .006 .006 

2,6 .009 .008 .006 

2,8 .001 ,001 -.001 



.166 
.131 

.094 

.057 

.024 

.002 
.020 
.028 

.028 

.022 

,012 
.002 

'.006 
■.oil 
■.oil 

..008 

.001 

.006 
.003 

..002 



.065 
.038 
.014 
.005 
.019 

.025 

.026 
.022 

,oi4 
.006 

.002 

.007 
.009 
.008 
.006 

.002 

.oo4 
.004 

.000 

■.003 



3.0 


-.005 

-.004 


3.2 


3.4 


.002 


3.6 


.004 


3.8 


.001 



-.005 
..003 

,002 
.003 
.000 



,005 
,002 
.002 
.003 



.003 -,002 

.000 .001 

.002 .002 

.002 .000 



.000 -.001 



.001 



.010 
.020 
.027 

.029 
.028 

.023 
.015 
.007 
,000 

.005 

.009 
.009 
.007 
.oo4 
.000 



.003 

.004 
.001 
.002 
.002 



.000 

.002 
.001 
,000 
.001 



180° 

.007 

,008 
.013 
.019 

.026 

.032 
.035 
.036 
.033 

.026 

.018 
.009 

.001 

-.006 
-.009 

-.010 

-.009 
-.006 

-.002 
.002 

,oo4 
.004 

,000 
-.002 
-,002 

.000 

.002 

.001 

-,001 

-.001 



iJj.O -.003 -.002 -.002 -.002 -.001 .000 .000 



^=0-15, pb=2-25, Gi = 2-039 

c/X 0° 30° 60° 90° 120° 150° 180° 



.0 


1.000 


.787 


.357 
.3% 


.047 


-.054 


-.048 


-.035 
-.034 


,1 


.969 


.761 


.043 


-.054 


-.047 


.2 


.880 


.656 


.30^ 

.244 
.174 


.030 


-.054 


-.043 


-,030 


-.1 


.746 
.584 


■Ml 


.013 
-.007 


-.052 
-.0% 


-.038 
-.030 


-.024 

-.017 


.5 


.415 


.308 


.103 


-.025 


-.01)5 


-.022 


-.010 


.6 


.258 


.183 


.o4i 


-.0^7 


-.038 


-.014 


-.003 


:l 


.128 


.079 


-.006 


-.043 


-.030 


-.006 


.003 


.033 

-.024 


.007 


-.034 
-.o45 


-.o4i 


-.020 


.000 


.007 


■ 9 


-.034 


-.033 


-.011 


.004 


.009 



1.0 -.o48 -.o48 -.o4i -.022 -.003 

1.1 -.047 -,043 -.029 -.010 .003 

1.2 -.032 -.027 -.013 .001 .007 

1.3 -.012 -,008 .001 .008 .008 

1.4 .005 .007 .010 .010 ,006 

1.5 .015 .015 ,oi4 .010 .004 

1.6 .017 .016 ,012 .006 .001 

1.7 .013 ,011 .007 ,002 -.002 

1.8 .005 .oo4 .001 -.002 -.003 

1.9 -.002 -.003 -.004 -,oo4 -.003 

2.0 -.007 -.007 -.006 -,005 -.002 

2.2 -.006 -.006 -.004 -.001 .000 

2.4 .001 ,001 ,002 .002 .002 

2.6 .005 ,004 ..003- .002 ,001 

2,8 .002 .001 .001 .000 -.001 



.007 
.007 
.006 
.oo4 

.002 

-.001 
-.002 

-.003 
-.003 

-,002 



.009 

.008 
.005 

.002 
.000 

-.002 

-.003 
-.003 

-.002 
-.001 



.000 ,000 

,001 .002 

.001 .001 

■■.000 --,001 

-.001 -.00] 



3.0 -.002 -.002 -,002 -.002 -.001 -.001 ,000 

3,2 -,002 -,002 -.001 -.001 .000 .000 .001 

3,4 .000 .001 .001 ,001 ,001 .001 ,001 

3.6 .002 .002 .001 ,001 ,000 ,000 ,000 

3,8 .001 ,001 ,000 ,000 .000 .000 -.001 

4.0 -,001 -,001 -.001 -,001 -.001 .000 .000 



j9fl=0-75, 
c/A 0° 30° 



-.1 



/36=2-75, Gi = 1-370 
60° 90= 120° 150° 180° 



1 .000 .695 

1 .967 .669 

.2 .871 .597 

727 .486 

556 .359 



-15? 



109 
l4b -.109 
119 -.110 
077 -.110 

029 --107 



.105 -.035 -.006 

.103 -.034 -.005 

.096 -.029 -.002 

,086 -.022 .003 

.072 -.01 4 .008 



.5 


.378 


.228 


-.016 


-.100 


-.057 


-.005 


.013 


.6 


.216 


.111 


-.051 


-.086 


-.040 


,003 


.016 


-.1 


.086 


.020 


-.071 


-.072 


-.024 


.009 


.018 


-.004 


-.039 


-.075 


-.053 


-.010 


.012 


.017 


.9 


-.053 


-.065 


..066 


-.032 


.001 


.014 


.015 


1,0 


-.067 


-.066 


-.047 


-.013 


.009 


.012 


.011 


1,1 


-.057 


-.049 
-.024 


-.024 


.002 


.013 


.010 


.006 


1.2 


-.033 


-.003 


.012 


.013 


.006 


.002 


!:5 


-.007 


-.001 


.012 


.017 


.010 


.002 


-.002 


.012 


.015 


.019 


.016 


.006 


-.002 


-.004 


1.5 


.022 


.022 


.019 
.014 


.011 


.002 


-.oo4 


-.005 


1.6 


.022 


.020 


.005 


-.002 


-.005 

-.004 


-.005 


]■} 


.015 


.012 


.006 


-.001 


-.00 4" 


-.003 


,005 
-.004 


.003 


-.002 


-.005 


-.005 

-.004 


-.003 


-.001 


1.9 


-.006 


-.007 


-.007 


-.001 


.001 


2.0 


-.010 


-.010 


-.009 


-.006 


-.002 


.001 


.002 


2.2 


-.008 


-.007 


-.004 


-.001 


.002 


.002 


.002 


2.4 


.002 


.003 


.003 
.004 


.004 


.002 


.001 


.000 


2.6 


.006 


.006 


.002 


.000 


-.001 


-.001 


2.8 


.002 


.001 


,000 


-.001 


-.001 


-.001 


-.001 



3.0. -.003 -.003 -.003 -.002 -.001 .000 .000 

3.2 -.003 -.003 -.002 -.001 .000 .001 .00.1 
3.4 .001 .001 .001 .001 .001 .001 ,001 
3.6 .003 .002 .002 .OOr .000 .000 .000 

2.3 .001 .001 .000 .000 -.001 -.001 -.001 

4.0 -.002 -.002 -.001 -.001 -.001 .000 .000 
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9.2.1 Vertical Dipoles {com.) 



^a 


=0-7; 


>, 


J3i,= 


3-25, 





1=0' 


700 


c/\ 


0° 


30° 


60= 


90° 


120° 


150" 


180° 


.0 


1 .000 


.550 


-.104 


-.248 


-.103 


,006 


.035 


.1 


.96!| 


:l$ 


-.108 


-.243 


-.100 


,007 


.035 


.2 


.860 


-.120 


-.230 


-.089 


,011 


.036 


-.1 


.705 


.35? 


-.136 


-.209 


-.073 


.015 


,036 


• 521 


.234 


-.150 


-.181 


-.053 


,021 


.036 


-5 


.33^ 


.117 


-157 


-.147 


-.032 


.025 


,035 


.6 


.168 


.017 


-153 


-.110 


-.012 


.027 


.032 


:l 


.038 


-.054 


-.137 


-.073 


,005 


.027 


.027 


-.091 


-.109 


-.038 


,018 


.025 


.020 


.9 


-.083 


-.097 


-.075 


-.008 


.025 


.020 


.013 


1.0 


-.o8ii 


-.078 


-.038 


.013 


.027 


.013 


.005 


1.1 


-.061 


-.047 


-.006 


.026 


.024 


.006 


-.001 


1.2 


-.028 


-.013 

.014 


.017 


.031 


.017 


.000 


-.006 


]:\ 


.004 


.030 


.027 


.010 


-.005 


-.009 


.P25 


.029 


.031 


.019 


.002 


-.007 


-.010 


1.5 


.033 


.032 


.025 


.009 


-.oo4 


-.008 


-.008 


1.6 


.028 


.025 


.013 


-.001 


-.008 


-.007 


-.005 


Vi 


.016 


.012 


.001 


-.008 


-.008 


-.oo4 


-.002 


.002 


-.002 


-.008 


-.011 


-.007 


-.001 


.001 


1.9 


-.010 


-.011 


-.013 


-.010 


-.004 


.001 


.003 


2.0 


-.015 


-.015 


-.013 


-.007 


-.001 


.003 


.oo4 


2.2 


-.005 


-.Q07 


-.003 


.002 


.004 


.003 


.003 


2.4 


.005 


.005 


.006 


.006 


.003 


.000 


-.001 


2.6 


.009 


.008 


.006 


.002 


-.001 


-.002 


-.002 


£.8 


.001 


.001 


-.001 


-.002 


-.002 


-.002 


-.001 


3.0 


-.004 


-.005 


-.005 


-.003 


-.001 


.000 


.001 


3-2 


-.003 


-.002 


,000 


.001 


.001 


.001 


3.4 


.002 


.002 


.002 


.002 


.001 


.001 


.000 


3.6 


.004 


.003 


.003 


.001 


.000 


-,001 


-.001 


3.6 


.001 


.000 


.000 


-.001 


-.001 


-,001 


-.001 


if.o 


-.002 


-.002 


-.002 


-.002 


-.001 


.000 


.000 


iSa 


= 1-0 




^h--^ 


3.0, 


Ci = l- 


445 


r/A 


0° 


30" 


60" 


90° 


120° 


150° 


180° 


.0 


1 .000 


.648 


.080 


-■135 
-.134 


-.082 


-.007 


.016 


.1 


.967 


.624 


.072 


-.079 


-.007 


.016 


.2 


.872 


:5S 


.050 


-.130 


-.073 


-.oo4 


.018 


:^ 


• 729 


.019 


-.124 


-.063 


.000 


.558 


■33^ 


-.016 


-.113 


-.050 


.004 


.018 


• 5 


.381 


.207 


-.047 


-.099 


-.036 


.008 


.018 


6 


.220 


.097 


-.069 


-.082 


-.022 


.011 


.017 


:^ 


.089 


.012 


-.079 


-.062 


-.009 


.013 


.015 


-.002 


-.042 


-.076 


-.04i 


.001 


.013 


.012 


• 9 


-.052 


-,066 


-.062 


-.021 


,009 


.011 


.008 


1.0 


-.067 


-.065 


-.042 


-.oo4 


.013 


.008 


.oo4 


1.1 


-.057 


-.048 


-.019 


.008 


.013 


.005 


.000 


1.2 


-.034 


-.024 


.000 


.015 


.012 


.002 


-.003 


]:1 


-.009 


-.001 


.013 


.017 


.008 


-.001 


-.005 


.on 


.015 


.019 


.oi4 


.004 


-.003 


-.005 


1.5 


.021 


.021 


.018 


.009 


,000 


-.oo4 


-,oo4 


1.S 


.022 


,020 


.012 


.003 


-.003 
-.ooi 


-.oo4 


-.003 


1:^ 


.015 


.012 


,oo4 


-.003 


-,003 


-.001 


.005 

-.004 


.003 


-.003 


-.006 


-.004 


-.001 


.000 


1.9 


-.QO5 


-.007 


-.007 


-.003 


-000 


.002 



2,0 -.009 -.010 

2.2 -.008 -.007 

£.4 ,002 .002 

2.6 ,006 .006 

2.8 ,002 .001 



-.009 -.005 -.001 .001 ■ .002 

-.003 .000 .002 .002 .001 

-004 .003 .002 .000 .000 

.004 .002 .000 -.001 -.001 

.000 -.001 -.001 -.001 -.001 

-,003 -.002 -,001 .000 .000 

-.002 .000 '000 .001 ,001 

,001 ,001 ,001 .000 .000 

.002 .001 ,000 .000 .000 

,000 ,000 -.001 -,001 .000 



ll.O -.001 -.001 -.001 -.001 -.001 000 .000 



3.0 


-.003 


-.003 


3.2 


-.003 


-.003 


3.4 


.001 


.001 


^A 


.003 


.002 


3.8 


.001 


.001 



i9« 


-I'O 




^^)= 


2-5, 


Gi=2- 


157 


c/X 


0= 


30° 


60° 


90° 


120° 


150° 


180° 


.0 


1.000 


.7^6 


.271 


-.015 


-.063 


-.026 


-.006 


.1 


.969 


.722 


.259 


-,017 


-.062 


-.025 


-.006 


.2 


.881 


.6^2 

.547 
.421 


.227 


-.023 


-.059 


-.022 


-.004 


-.1 


.748 
.587 


.178 

.121 


-!o4o 


'-'.^8 


-.018 
-.013 


-.001 

.003 


.5 


.419 


.290 


.065 


-.046 


-.o4o 


-.007 


.006 


.6 


.262 


.171 


.016 


-.048 


-.031 


-.002 


.008 


-.1 


.132 


.073 
.004 


-.020 


-,o46 


-.021 


.002 


.009 


,036 


-.o4o 


.,038 


-,012 


.005 


.010 


.9 


-.022 


-.035 


-.045 


-.028 


-,oo4 


.007 


.009 


1.0 


-.047 


-.048 


-.038 


-.016 


.002 


.007 


.006 


1 .1 

1 .2 


-.o!i7 
-.033 


-.o42 
-.026 


-.025 
-,010 


-.005 
.004 


.006 
.007 


.006 
,oo4 


.oo4 

.001 


1:5 


-.on 

.004 


-.ooB 


.003 


.009 


.007 


.002 


-.001 


.006 


.011 


.010 


.005 


.000 


-.002 


1-5 


.oi4 


.01 4 


.013 


.008 


.002 


-.002 


-.003 


1 6 


.016 


.015 


,011 


.005 


.000 


-.002 


-.003 


\:l 


.013 


.011 


,006 


.001 


-.002 


-.002 


-.002 


.006 


.oo4 


,000 


-.003 
-.004 


-.003 


-.002 


-.001 


1.9 


-.001 


-.002 


-.oo4 


-,003 


-.001 


.000 


2.0 


-.006 


-.006 


-.006 


-.oo4 


-.002 


.000 


.001 


2.2 


-,006 


-.005 


-.003 


-.001 


.001 


.001 


.001 


£.4 


.001 


.001 


.002 


.002 


,002 


.001 


.000 


2.6 


.004 


.004 


.003 


.002 


.000 


.000 


-.001 


2.8 


.002 


.001 


.000 


.000 


-.001 


-.001 


-.001 


3.0 


-.002 


-.002 


-.002 


-.002 


-.001 


.000 


.000 


3.2 


-.002 


-.002 


-.001 


-.001 


,000 


.000 


.001 


3.^ 


.000 


.000 


.001 


.001 


.001 


.000 


.000 


3.6 


.002 


.002 


.001 


,001 


.000 


.000 


.000 


3.8 


.001 


.001 


.000 


.000 


.000 


.000 


.000 


4.0 


-.001 


-.001 


-.001 


-.001 


.000 


.000 


.000 


Po 


-1-0 


, 


Pb= 


.3-5, 


Gi=0-714 


c/A 


0° 


30= 


60° 


90° 


120° 


150° 


180° 


.0 


1 .000 


.494 


-.167 


-.226 


-.055 


.024 


-.033 


. 1 


,964 


.471 


-.l6i 


-,221 


-,052 

-,o44 


.024 


.033 


.2 


.660 


.406 


::\t, 


-.206 


.025 


.032 


i 


.705 


.310 


-.183 


-,032 


.026 


.030 


.521 


.199 


-,i8i 


-.153 


-.017 


.027 


.027 


.5 


.335 


.090 


-,176 
-.161 


-.119 


-.003 


.026 


.023 
.018 


.6 


. 168 


-.001 


-.083 

-.048 


.011 


.025 


-.1 


.038 
-.046 


-.065 


-.■3fi 


.021 


.021 


.012 


-.096 


-.103 


-.017 


.027 


,017 


.006 


• 9 


-.084 


-.098 


-.066 


,007 


.029 


,011 


.000 


1.0 


-.036 


-.076 


-.030 


.024 


.026 


.005 


-.004 


1 .1 


-.063 


-.046 


.000 


.031 


.020 


.000 


-.008 


1.2 


-.029 


-.012 


.021 


.031 


.013 


-,oo4 


-.009 


]:l 


.003 

.024 


.0:4 


.03: 


.025 


.005 


-.007 


-.009 


,029 


.031 


.015 


-.002 


-.007 


-.007 


>.5 


.032 


.032 


.023 


.OOn 

-.oo4 


-.006 


-.006 


-.004 


1,6 


.028 


.024 


.011 


-.008 


-.oo4 


-.001 


\:l 


.017 


.012 


-.00 


-.009 


-.008 


-.002 


.001 


.003 


-.002 


-.005 


-.011 


-.006 


.00: 


.003 
.oo4 


1.9 


-.cog 


-.01 i 


-.013 


-.010 


-,003 


.002 


2.0 


-.015 


-,015 


-.012 


-.Q06 


.001 


.003 


.004 


2.2 


-.010 


-.007 


-.002 


.003 


.004 


.002 


.001 


2.4 


.004 


.005 


.006 


.oc^ 


,002 


-.001 


-.002 


2.6 


.ooS 


.Q08 


.005 


.002 


-.001 


-.002 


-.002 


2.8 


.002 


,001 


-.001 


-.003 


-.002 


-.001 


.000 


3.0 


-.005 
-.004 


-.005 


-.004 


-.003 


-.001 


.001 


.001 


3.2 


-.003 


-.002 


,000 


.001 


,001 


.001 


3.^ 


.002 


.032 


.002 


.002 


,001 


.000 


.000 


3.6 


.004 


.003 


.002 


.001 


.000 


-.001 


-.001 


3.6 


.00; 


.000 


.000 


-.001 


-,001 


-.001 


-.001 



4.0 



,002 



.002 -,002 



.001 -.001 



,000 



.000 
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9.2.1 Vertical Dipoles (cont.) 



c/A 0° 30° 60° 90° 120° 150° 180° 



i3a = l-25, 



|9^ = 3-25, 



1-500 



cjX 0° 30° 60' 90° 120° 150° 180° 



.0 


1.000 


.■jo\ 


^^^^ 


-■055 


■i.056 


-.009 


.ooS 


.1 


-96g 


.681 


.183 


-.056 


-.055 


-.008 


.008 


.2 


.882 


.6l!l 


:?.l 


-.057 


-.051 


-.007 


.009 


:l 


.7I19 


■515 


-059 


-.045 


-.004 


.010 


.539 


.3?5 


.oj\ 


-.059 


-.038 


-.001 


.010 


■5 


1(£1 


.271 


.030 


-057 


-.029 


.002 


.010 


.6 


.265 


.158 


-.006 


-.0^2 
-.043 


-.020 


.OOll 


.010 


:l 


■135 


.066 


-.032 

-.oW 


-.011 


.006 


.009 


.039 


.001 


-.032 


-.ooii 


.007 


.007 


■3 


-.020 


-.035 


-.o!(ll 


-.020 


.002 


.006 


■ 005 


1.0 


-.oli6 


-.oMi 


-.035 


-.009 


.006 


.005 


.002 


1.1 


-.01(7 


-.oiii 


-.021 


.000 


.007 


.003 


.000 


1.2 


-033 
-.014 


-.025 


-.007 


,007 


,007 


.001 


-.002 


\-x 


-.008 


.00 If 


.010 


.006 


.000 


-.003 


.003 


• 006 


• Oil 


.010 


.003 


-.032 


-.003 


1.5 


.013 


.011+ 


.013 


.007 


.001 


-.002 


-.003 


1.6 


■ 016 


.015 


.010 


.003 


-.001 


-.002 


-.002 


1.7 


.013 


■ .011 


.005 


.000 


-.002 


-.002 


-.001 


1,8 


■ 006 


,004 


.000 


■-.003 

-.004 


-.0:3 


-.OCl 


.000 


1.9 


-.001 


-.002 


-.OOll 


-.002 


.000 


,001 


2.0 


-.006 


.■006 


-.OOS 


-.oo\ 


-.001 


.001 


.001 


2.2 


-.006 


-.005 


-.003 


.000 


.001 


.001 


.001 


2.11 


.001 


.001 


.002 


.002 


.001 


.003 


.000 


2.6 


-00 1| 


.00 If 


.003 


.002 


■000 


-.001 


-.001 


2.8 


■002 


.001 


.000 


-.001 


-.001 


-.001 


.000 


3.0 


- 002 


-.032 


-.002 


-.001 


-.001 


. .000 


. 000 


3.2 


-.002 


-.002 


-.001 


.000 


.000 


.000 


.000 


3-^ 


.000 


.00(1 


.001 


.001 


•001 


.000 


.oco 


3.6 


■ 002 


■002 


.001 


.001 


.000 


.000 


.000 


3-6 


■001 


,00i 


.000 


,000 


.000 


.000 


.000 


\.Q 


-.001 


-.001 


-.001 


i.OOl 


.000 


.000 


.000 



/9fl = l'25, 



(96 =3 • 75, 



<7i=0'725 



c/A 


0° 


30° 


60° 


90= 


120° 


150° 


i80= 


.0 


1 .000 


.436 


-.216 


-.186 


-.012 


-026 


.019 


.1 


.9611 


.l(l!t 


-.216 


-,183 


-.010 


.026 


.018 


.2 


.860 


.35^ 


-.216 


-.169 


-.C05 


.026 


■ 017 


i 


.705 


.265 


-.212 


-Mi 


.C03 


.025 


■ oil) 


.522 


.163 


-.203 


-.11/ 


.012 


.023 


• on 


■ 5 


■335 


.063 


-.187 


-,085 


.020 


.021 


.008 


.6 


.163 


-.020 


-.163 


-.052 


.027 


.017 


.ooi) 


i 


.036 
-.o5« 


-.076 


..131 


-.022 


.031 


.0:3 


-.001 


-.102 


-.09 It 


,.003 


.031 


.008 


-.ooi) 


■ 9 


-.085 


-.100 


-.055 


.021 


.028 


.00i| 


-.007 


1 .0 


-.087 
-.064 


-.078 

-.045 


-.020 


.03: 


.022 


-.001 


-.009 


1.1 


.007 


.033 


.015 


-.OOl) 


-.009 


1.2 


..030 


-.011 


.025 


.029 


.007 


-.006 


-.008 


\-\ 


.002 


.015 


;032 


.021 


.000 


-.007 


-.006 


.021) 


.030 


.030 


.011 


-.005 


-.006 


-.OOl) 


1.5 


:o32 


.032 


.021 


001 


-.008 


-.00l| 


-.001 


1.6 


.029 


■ 024 


009 


-.007 


-,oo8 


-.002 


.001 


1.7 


.017 


.011 


-.002 


-.011 


-,0D7 


.000 


.303 

.004 


1.8 


.003 


-.002 


-.010 


-.011 


-.00l| 


.002 


1.9 


-.005 


-.011 


-.013 


-.ooS 


-.001 


.003 


.003 


2.0 


-.015 


-.015 


-.012 


-.00 if 


002 


.00^ 


.oca 


2.2 


-.010 


-.007 


-.001 


.00l[ 


.00!) 


■ 00) 


.000 


2,!t 


.00!l. 


.005 


.0U6 


.005 


.002 


-.00) 


-.002 


2:6 


.008 


.006 


.005 


.00 


-.001 


-.002 


-.001 


£.8 


.002 


.001 


-.001 


-.003 


-.002 


.000 


,000 


3.0 


-.OOS 
-.001) 


-.005 


-.ooii 


-.002 


.000 


.001 


.001 


3-2 


-,003 


-.001 


.000 


.001 


.001 


.001 


3'^ 


.001 


.002 


,002 


.002 


.001 


.coo 


.000 


3^6 


,004 


003 


.002 


001 


.000 


-.001 


-.001 


3.6 


,001 


,001 


,000 


-.001 


-.00! ■ 


.000 


.000 


%.<i 


-.002 


-.002 


-.002 


-.001 


.000 


.000 


.000 



.0 


1.000 


• 599 


,011 


-.ilil 


-.052 


.007 


,018 


.1 


.q67 


■.576 


.005 


-139 


-.051 


.008 


.018 


.2 


■872 


.512 


-.010 


-.132 


-.045 


.009 


^ .018 


■X 


-730 


M 


-.032 


-.121 


-.037 


.010 


.017 


.560 


.301 


-.054 


-.107 


-.027 


.012 


.015 


.5 


.383 


.185 


-M 


-,089 


-.016 


.012 


.013 


.6 


,222 


.082 


-.069 


-.00^ 
.004 


,013 


.011 


■I 


.091 


,003 


-,085 


-.o47 


.0:2 


,008 


.000 


-.oW 


-.075 


-.027 


.010 


.010 


.004 


■3 


-.051 


-.067 


-.057 


-.009 


.014 


.007 


.001 


1.0 


-.067 


-.065 


-.036 


.C05 


.015 


.oo4 


-.002 


1.1 


-.058 


-.0!l7 


-.014 


.013 


■ 013 


.001 


-.004 


1.2 


-.035 


-.023 


.004 


.017 


.009 


-.001 


-.005 


\i 


-.009 


.OOJ 


.015 


.016 


,005 


-.003 
-.004 


-.005 
-.004 


.010 


.015 


.019 


.012 


.001 


1.5 


.021 


.021 


.017 


.006 


-,002 


-.003 


-.003 


1.6 


.022 


.019 


.011 


.000 


-.004 


-.002 


-.001 


1.7 


■015 


.012 


,003 


-.004 


-,005 

-.004 


-.001 


,001 


1,8 


.006 


.003 


-.003 


-.006 


.000 


.002 


1.3 


-.003 


-.005 


-.007 


-.006 


-.002 


.001 


.002 


2,0 


-.009 


-.009 


-.003 


-.oo!) 


.000 


. 002 


.002 


2.2 


..008 


-.OOo 


-,003 

.004 


.001 


.002 


.00- 


.001 


2.4 


.C02 


.002 


.003 


.002 


.00.3 


-.001 


2.6 


.006 


.005 


.004 


.002 


.000 


-.001 


-.001 


2.8 


.ooa 


,001 


.000 


- , OQ 1 


-.001 


-.001 


.000 


3.0 


-.003 


-.003 


-.003 


-.002 


-.001 


.000 


.001 


3.£ 


-.003 


-.002 


-.001 


,000 


.000 


.031 


.001 


3.^ 


.001 


.001 


.001 


.001 


.001 


.000 


.000 


3.S 


.002 


.002 


.002 


.001 


.000 


.000 


.000 


3.8 


.001 


,001 


.000 


,000 


-.001 


.000 


.000 


li.o 


-.001 


-.001 


-.001 


-,001 


.000 


.000 


.000 


&a 


= 1-5 


T 


^b^ 


30, 


G3 =2-328 


c/A 


0= 


30° 


60° 


90° 


J 20° 


J50° 


180° 


.0 


1.000 


.660 


.121 


-,076 


-.o4o 


.002 


.010 


.1 


:^° 


.638 


.114 


-,076 


-.039 


.002 


.010 


.2 


m 


.0*^4 


-.074 


-.035 


.003 

.004 


.010 


-.1 


.750 


'.065 


-.071 


-.030 


.010 


.591 


,368 


• 032 


-.065 


-.023 


.005 


.009 


,5 


A2\ 


.251 


.000 


-.058 

-.048 


-.016 


.006 


.008 


.6 


.267 


.144 


-.026 


-.008 


.007 


.006 


:l 


■ 137 


.057 


-.o4i 


-037 


-.002 


.007 


.004 


.Ol|l 


-.003 


-.047 


-.024 


.003 


.006 


,002 


'-9 


-.019 


-.037 


-.042 


..013 


.007 


.004 


.001 


1.0 


-.0I15 


-.0^7 


-.032 


-.003 


,008 


.003 


-.001 


1.1 


-.01)7 


-.040 


-,018 


.005 


.008 


.001 


-.002 


1.2 


-.033 


-,025 


-,oo4 


,003 


,006 


.000 


-.003 


^•3 
1.^ 


-.015 


-,007 


,006 


.010 


,oo4 


-.001 


-.003 


.002 


,006 


.011 


.008 


.001 


-.002 


-.002 


1.5 


.013 


.oi4 


,012 


.005 


-,001 


-.002 


-.001 


1.6 


.016 


.014 


.009 

.004 


.002 


-.002 


-.001 


-.001 


\i 


.013 


.010 


-.002 


-.003 


-.001 


.000 


.006 


.oo4 


-.001 


-.oq4 


-.002 


.000 


.001 


1.9 


-.001 


-.002 


-.oo4 


-,oo4 


-.002 


.001 


.001 


2.0 


-.006 


-.006 


-,005 


-,003 


-.001 


.007 


.001 


2.2 


-.006 


-.005 


-.003 


,000 


.001 


.001 


.000 


2.1) 


.000 


,001 


,002 


,002 


.001 


.000 


-.001 


2.6 


.ooi) 


.oo4 


.003 


.001 


.000 


-.001 


-.001 


2.8 


.002 


.001 


.000 


-.001 


-.001 


.000 


.000 


3.0 


-.002 


-.002 


-.002 


-.001 


,000 


.000 


.000 


3.2 


-.002 


-.002 


-.001 


.000 


.000 


.000 


.000 


3.^ 


.000 


.000 


.001 


.001 


■ .001 


.000 


.000 


3.6 


.002 


,002 


.001 


.001 


.000 


.000 


.000 


3.8 


.001 


.001 


.000 


.000 


.000 


.000 


.000 


1).0 


-.001 


-.001 


-.001 


-.001 


.000 


.000 


.000 
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9.2.1 Vertical Dipoles (cont.) 



/Sa = l-5, ^b = 3-5, Gi=l-552 

c/A 0° 30° 60° 90° 120° 150° 180° 



.0 


1,000 


.51*9 


-.047 


-.131 


-.023 


.013 


.011 


.1 


-967 


:SI 


-.051 


-.128 


-.022 


.013 


.011 


.2 


.873 


-.060 


-.120 


-,018 


-013 


.010 


-.1 


.731 


.376 


-!oe5 


-,108 


-,012 


.013 


.009 


.561 


.269 


-.091 


-.005 


.013 


.007 


■ 5 


!224 


.161 


-.09!* 


-.072 


.002 


.012 


.005 


.£ 


,066 


-.095 


..052 


.009 


.010 


.003 


:g 


.093 


-.006 


-.087 


-.031 


.013 


,006 


.000 


,001 


-.051 


-.072 


-.013 


.Olfi 


,006 


-.002 


.9 


-.051 


-.069 


-.052 


,001 


.016 


.003 


-.003 


1,0 


-.067 
-.058 


-.o6li 


-.029 


.011 


.oi4 


.001 


-.0011 


1.1 


-.0^6 


-.009 


.017 


.010 


-.001 


-.005 

-.004 


1,2 


-■035 


-.022 


.007 


.017 


.006 


-.003 


^:^ 


-.010 


.000 


.016 


.014 


.002 


-,003 


-.003 


.010 


.015 


.019 


.009 


-.001 


-,003 


-.002 


1.5 


.021 


.021 


ot6 


.003 


-.oo4 


-.002 


-.001 


1.6 


,022 


.019 


.009 


-.002 


-.005 

-.004 


-.00! 


.001 


]:^ 


.015 


,011 


.00£ 


-:005 


,000 


.002 


.006 


.002 


-.004 


-.006 


-.C03 


.001 


.002 


1.9 


-.003 


-,005 


-.007 


-.006 


-.001 


.001 


.002 


£.0 


-.009 


-.039 


-.008 


-,003 


.000 


.001 


.001 


£.2 


-.006 


-.006 


-.002 


.00] 


.002 


.00^ 


.000 


£.4 


.001 


.002 


.004 


.003 


.001 


.000 


-,001 


2.6 


.006 


.005 


.ooJi 


.001 


-..001 


-.001 


-.001 


2.8 


.002 


.001 


.000 


-.001 


-.001 


.000 


.000 


3.0 


-.003 


-.003 


-.003 


-.002 


.000 


.000 


.001 


3.2 


-.003 


-.002 


-.001 


.oco 


.001 


000 


.030 


3.it 


,001 


.OQI 


.001 


.001 


.001 


.000 


.000 


3.6 


,002 


,002 


.002 


.001 


.000 


,000 


.000 


3.6 


,001 


.001 


.000 


• 000 


-.001 


.000 


.000 


!l.O 


-.001 


-.001 


-.001 


-.001 


.000 


.000 


.000 


Pa 


= 1-75, 


/?*= 


3-25, 


G,=2- 


397 


c/A 


0° 


30° 


60= 


90° 


120° 


150° 


180° 


.0 


1.000 


.61^ 
,595 


.060 


-.082 


-.021 


.007 


.005 


.1 


'Ml 


.054 

.040 


-.080 


-.021 


,007 


.006 


.2 


'Ml 


-,07? 


-,018 


.007 


,005 


• 4 


■751 


.019 
-.004 


-.071 


-.014 


.007 


.005 

.004 


,592 


.339 


-.062 


-.009 


.007 


-5 


.\26 


.229 


-.026 


-.040 


-.003 


.007 


.003 


.6 


,270 


.129 


-.o4i 


.002 


.006 


,001 


:^ 


,139 


.ah8 


-.049 


-.028 


.006 


.005 

.004 


.000 


.oii3 


-.008 


-.048 


-.010 


.008 


-.001 


-9 


-.017 


-,038 


-.o4o 


-.005 


.009 


.002 


-.002 


1.0 


-.oil It 


-.o\-j 


-.028 


.003 
.008 


.008 


.001 


-.003 


1.1 


-,01*7 


-,039 

-,024 


-.014 


..007 


.000 


-.003 


1.2 


-.03') 


-.001 ^ .010 


,oo4 


-.001 


-.002 


u 


-.015 


-,007 


.008 


.009 


.002 


-.002 


-.002 


.002 


.00^ 


.012 


.007 


.000 


-.002 


-.001 


1.5 


.012 


.013 
.014 


.011 


.003 


-.002 


-.001 


.000 


1.6 


.016 


.008 


.000 


-.003 


-.001 


.001 


u 


.013 


.010 


.003 


-.002 


-.003 


.000 


.001 


.006 


.00l( 


-.001 


-.004 


-.002 


.000 


.001 


1.9 


.000 


-.002 


-.oo4 


-.OO^l 


-.001 


.001 


.001 


z.o 


-.005 


-.006 


-.005 


-.003 


,000 


.001 


,001 


2,2 


-.006 


-,005 


-.002 


,001 


.001- 


.000 


.000 


2.i( 


.000 


,001 


.002 


.002 


.001 


■.000 


-.001 


£.6 


.00!| 


.ooii 


.003 


.001 


.000 


.000 


.000 


£.8 


.002 


.001 


.000 


-.001 


-.001 


.000 


.000 


3.0 


-.002 


-.002 


-.002 


-.001 


.000 


,000 


,000 


3.2 


-.002 


-.002 


-.001 


.000 


,000 


.000 


.000 


3.^ 


.000 


.000 


.001 


.001 


.000 


,000 


.000 


3.6 


,002 


.002 


.001 


.001 


.000 


,000 


.000 


3.8 


.001 


.001 


.000 


,000 


.000 


,000 


.000 


^.0 


-.001 


-.001 


-.001 


-.001 


.000 


.000 


.000 



^fl = l-5, 
c/A 0° 30° 



^36 = 4-0, 
60° 90° 



Gi =0-740 
120° 150° 180° 



.0 1 ,000 

.1 .964 

.2 ,860 

.3 .706 

.4 .522 



■377 
.357 
.301 

.220 
.126 



.252 
.250 

.244 
.234 

.216 



, l42 

.138 

,124 

.io4 
.078 



•5 .335 .036 

.6 .168 -.038 

.7 .038 -.087 

.8 -.047 -.107 

.9 -.086 -.101 



-.191 -.050 

-.160 -,023 

-.122 .001 

-.082 .019 

-.044 .031 



.019 
.020 

.023 

.027 
.031 

.034 
.035 
.033 
.030 

.024 -.002 



,021 .003 

.021 .003 

.020 .002 

.018 .000 

.016 -.002 



.013 
.009 
.005 
,002 



..oo4 
..006 
-.008 
-.009 
-.009 



1.0 -.088 -,077 -.011 

1.1 -,065 -.043 .014 

1.2 -.031 -,009 ,029 

1.3 ,001 ,016 .033 

1.4 .023 .030 ,028 



.035 

.033 
.026 
.016 
.006 



.016 -.004 -.008 

.C08 -.006 -.007 

,001 -.006 -.005 

.004 -.006 -.002 

.008 -.004 .000 



1.5 


.032 


.032 


i.fa 


.029 


.024 


ul 


.018 


.01 1 


,003 


-.002 


1.9 


-.006 


-.Oil 


2.0 


-.015 


-.Ol', 


2.2 


-.010 


-.007 


2.4 


.004 


.005 


2.6 


.008 


.007 


2.8 


,002 


.001 


3.0 


-.005 
-.ool 


-,005 


3.2 


-,003 


■■\A 


.001 


.002 


3,6 


.oo4 


,003 


3.8 


,001 


.001 



.018 -.003 -.009 

.007 -.009 -,008 

.004 -.011 -.005 

.011 -.010 -.002 

.013 -.007 .001 



.01 1 -.003 .003 

.001 .004 ,003 

.006 .005 .001 

.004 .000 -.002 

.002 -,003 -.002 

.004 -.002 .000 

,001 .001 .001 

.002 .002 ,001 

.002 ,001 ,000 

.000 -.001 -.001 



1(.0 -.002 



.002 



.002 



.001 



,000 



,002 
.000 
.001 
.002 
.003 

.002 
.000 
.001 
.001 
.000 

.001 
.001 
.000 
.001 
.000 

.000 



.002 

.003 
.003 
.003 

.002 

.001 
.001 
.002 

.001 
.001 

.001 
.000 
.001 
.001 
.000 

.000 



Pa 


= 1'75, 


Pb = 


3-75, 


Ci = l- 


599 


cjX 


0° 


30° 


60° 


90° 


120° 


150° 


180° 


.0 


1.000 


.498 


-.094 


-.110 


.000 


.012 


.002 


.1 


.967 


.478 


-.096 


-.107 


.001 


.012 


.002 


.2 


.873 


.421 


-.100 


-.099 


.003 


.on 


.001 


■1 


.732 


.337 


-.106 


-.086 


.007 


.011 


.000 


.562 


.237. 


-.109 


-.070 


■ Oil 


.010 


-.001 


■ 5 


.386 


.137 


-.108 


-.052 


.014 


.008 


-.00£ 


.6 


.22^ 

.094 


.050 


-.100 


-.033 


.017 

.018 


.006 


-.003 

-.004 


,7 


-.016 


-.087 


-.016 


.004 


,S 


.002 


-.056 


-.067 


-.001 


.017 


.002 


-.004 


.9 


-.050 


-.070 


-.045 


.010 


.015 


.000 


-.005 


1,0 


-.067 
-.058 


-.063 

-,04l 


-,023 


.016 


.011 


-.002 


-.004 


1 .1 


-,003 


.018 


.007 


-.003 


-.oo4 


1 .2 


-.036 


-.020 


,010 


.016 


.002 


-.003 


-.003 


V.l 


-.011 


.001 


.018 


.012 


-.001 


-.003 


-.001 


.009 


.015 


.019 


.006 


-.004 


-.002 


,000 


1.5 


,020 


.021 


,oi4 


.001 ■ 


-.005 


-.001 


,001 


i.S 


.022 


.018 


,008 


-.003 


-.005 
-.004 


.000 


,002 


]:l 


.OlS 


.011 


.001 


-.006 


.001 


.002 


.006 


,002 


-,005 


-.006 


-.002 


.001 


.002 


1.9 


-.003 


-.005 


-.008 


-.005 


,000 


,001 


.001 


2,0 


-.009 


-.009 


-.007 


-.002 


.001 


.001 


.001 


2.2 


-.008 


-.OOo 


-.002 


.002 


.002 


.000 


-.001 


2.4 


.001 


.002 


,oo4 


.003 


.001 


-.001 


-.001 


2.6 


.006 


.005 


.003 


.001 


-.001 


-.001 


.000 


2.8 


.002 


,001 


-.001 


-.002 


-.001 


,000 


.000 


3.0 


-.003 


-.003 


-,003 


-.001 


,000 


.000 


,001 


3.2 


-.003 


-.002 


-.001 


.000 


,001 


,000 


.000 


3.^ 


.000 


.001 


.001 


.001 


,001 


,000 


.000 


3.6 


.002 


.002 


.001 


.001 


,000 


.000 


.coo 


3.6 


.001 


.001 


,000 


-.001 


,000- 


.000 


,000 


4.0 


..001 


-,001 


-.001 


-.001 


.000 


.000 


.000 
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9.2.1 Vertical Dipoles (cont.) 



^a 


= 1-75, 


^b^ 


4-25, 


Gi = 0753 


cjX 


0° 


30° 


60° 


90° 


120° 


150° 


180° 


.0 


.000 


.317 


-.274 


-.o^h 


.037 


.012 


-.007 


.1 


.96!* 


.299 

.249 
.174 


-.270 


-.090 


.037 
.038 


.012 


-.007 


.2 


.860 


-.260 


-.078 


.011 


-.007 
..008 


■^ 


.706 


-.2^3 


-.061 


.038 


.009 


.522 


.090 


-.2.19 


-.Olio 


.038 


.007 


-.008 


■5 


.336 


.009 


-.188 


-.018 


.037 


.005- 


-.009 


.6 


.iSS 


-.056 


-.151 


.003 


.03!( 


.002 


-.009 


:^ 


.038 
-.047 


-.097 


-.110 


.020 


.029 


-.001 


-.008 


-.111 


-.069 


.032 


.023 


-.003 


-.008 


.9 


-.o6£ 


-.102 


-.031 


.037 


.016 


-.005 


-.006 



1.0 _.o88 -.075 .000 

1.1 -.066 -.oifO .021 

1 .2 -.032 -.007 ,032 

1.3 .oor ,ojS .033 

1.4 .023 .031 .027 

1.5 "" .032 .032 .016 

1.6 .029 .023 .oo!f 

1.7 .018 .on ~.(X6 

1.8 .00!l -.002 -.011 

1.9 -.008 -.011 -.013 

Z.O -.OA -.015 -.010 

2,2 -.010 -,007 ,000 

2.4 .004 .005 .00^ 

2.6 .008 .007 .004 

£.8 .002 .001 -.002 



3.0 

3.2 

3.8 

^.0 -.002 -.002 -.002 -.001 ,000 .000 .000 



005 

004 


-.005 


-.00!i 


-.003 


-.001 


001 


.002 


.002 


00.3 


.003 


.002 


001 


.001 


.000 



.03S .008 ..006 -.005 

.031 .001 -.006 -.003 

.021 -.004 -.005 -.001 

.o;i ■-,008 -.m .001 

.001 -.009 -.002 .002 

.006 -.009 .000 .003 

,010 -.006 ■ .001 .003 

,0): -.003 ■ .002 ,003 

,009 ,000 .002 .002 

.005 .002 .002 .001 

.001 ,oo4 .001 ■ .000 

,005 ,003 .000 -.002 

.004 .000 -.001 -;ooi 

.000 -.002 -.001 .000 

,003 -.001 .000 .001 

.002 .000 .001 .001 

.001 .001 .000 .000 

.002 .001 .000 -.001 

.000 .000 .000 ,000 

,001 -.001 .000 ,000 



i3a = 2-0, 
c/A 0° 30° 



^b = 4-0, Gi = 1-642 

60° 90° 120° 150° 180° 



,0 1.000 .!j46 -.129 -,083 

.1 .967 .428 -.130 -.080 

2 .674 .375 -.130 -.073 

3 .732 .297 --128 -.o6t 
.4 .563 .205 -.124 -.047 



.5 .388 .113 -.116 

.5 .226 ,033 -.102 

■T -095 -.026 -.083 

•8 ,003 -.060 -.061 

.9 -.049 -.071 -.037 



1.0 
1,1 
1.2 



.066 -.062 

.058 -.042 

.036 -,019 

,011 .002 

.009 -016 



-.015 
.002 
.014 
.019 
.018 



1.5 .020 ,021 .0)3 

1.6 .021 .018 .006 

1.7 .016 ,011 -.001 

1.8 .006 .002 -.005 

1.9 -.003 -.005 -.008 

2,0 -.008 -.009 -.007 

£.2 -,008 -.006 -.001 

2,4 ,001 ,002 .004 

2.6 .006 .005 .003 

2.8 .002 .001 -.001 



.031 
.015 

.Ml 

.009 
.016 

,019 
.018 

,Oli| 

.009 
.003 

.002 

,005 
.006 
.006 
.004 

.001 
,002 

.003 

.000 
.002 



,015 


.ooQ 


-.003 


,015 
.016 


.008 
.007 


-.003 

-.004 


.Olfl 


.006 


-.coH 


,019 


.005 


-.004 


,019 


.oo4 


-.oog 


,019 


.002 


-.005 


.017 


.001 


-.005 

-.004 


.015 


-.001 


,011 


-.002 


-.003 


,007 


-.003 


-.003 


.003 


-.003 


-.002 


,001 


-.003 


,000 


,oo4 


-.002 


.001 


,005 


-.001 


.001 



3.0 

3.^ 
3-S 
4.0 



003 -.003 
003 -.002 
000 .001 

002 
001 



.002 
.001 



,002 -.001 

.001 ,000 

.001 .001 

,001 .000 

.000 -.001 



,001 -,001 -.001 -.001 



Pa 


= 20 


y 


jSft = 


3-5, 


Gi =2-456 


cjX 


0° 


30° 


60° 


90° 


120° 


150° 


180° 


.0 


1.000 


.568 


.006 


-.076 


-!o04 


.007 


.001 


.1 


% 


.5*9 
.493 


.005 


-.074 


,007 


.001 


.2 


-.005 


-.070 


-.003 


.007 


,000 


:^ 


.752 


,4io 


-.019 


-.062 


.000 


.006 


.000 


■SS't 


.310 


-.033 


-.053 


,003 


.006 


-,001 


.5 


■ .427 


,207 


-.046 


-.o4i 


.006 


.005 

.004 


-.001 


,6 


.271 


.113 
.038 


-.053 


-,029 


.008 


-.002 


1 


.141 


-■^\ 


-.018 


,010 


.003 


-.002 


.044 


-.013 


-.048 


-.007 


,010 


.002 


-.003 


.3 


-.016 


-.o4o 


-.037 


.001 


.<xe 


.000 


-.003 


1.0 


-.044 


-.046 


-.023 


.007 


,001 


-.001 


-.002 


1.1 


-.047 


-.038 


-.010 


,010 


.005 


-.001 


-,002 


1.2 


-.034 


-.023 


.002 


.010 


.002 


-.002 


^.001 


\l 


-,016 


-.006 


.009 


.ooS 


,000 


-.002 


-.001 


.001 


,007 


,012 


.005 


-.002 


-.001 


.000 


1.5 


,012 


-on 

.014- 


.011 


,002 


-.003 


-.001 


.001 


1.6 


.016 


.007 


-,001 


-.003 


.000 


.001 


\-l 


.013 


.010 


.002 


-.00^ 
-.004 


-.002 


.000 


.001 


.007 


.004 


-.002 


-.001 


,001. 


.001 


1.9 


.000 


-.002 


-,oo4 


-.003 


,000 


.001 


.001 


2.0 


-,005 


-.006 


-.005 


-.002 


.001 


.001 


.000 


2.2 


-,006 


-.005 


-.002 


.001 


.001 


.006 


.000 


2.4 


.000 


.001 


.002 


.002 


.001 


.000 


-.001 


2.6 


.oo4 


.00 4 


.002 


.001 


.000 


.000 


,000 


2.8 


.002 


.001 


,000 


-,001 


-.001 


.000 


,000 


3.0 


-.002 


-.002 


-.002 


-.001 


,000 


,000 


.000 


3-2 


-,002 


-.002 


-.001 


.000 


.000 


,000 


.000 


a.'t 


.000 


.000 


,001 


.001 


,000 


.000 


.000 


■3.f^ 


.002 


.001 


,001 


,000 


,000 


.000 


.000 


3.3 


,001 


.001 


.000 


.000 


.000 


.000 


.000 


J^.o 


-.OOT 


-.001 


-.001 


-,00I 


,000 


.000 


.000 



)9a = 2'0, 
c/A 0° 30° 



j3* = 4'5, Gi=0'766 

60° 90" 120° 150° 180° 



,0 1.000 
.1 .964 
.£ .861 
706 
523 



i : 



.258 

.242 
,196 
.129 
,054 



.281 

■HI 

.264 

,242 
,213 



.047 

,o44 
.035 
.023 
,006 



.o4i 
.o4i 
.o4o 
.038 
.036 



,003 -.oog 

.003 -,oog 

.002 -,008 

.001 -.008 

.000 -,008 



.5 .336 -.018 -.177 .010 .032 -.002 -.007 

.6 .169 -.074 -.137 ,024 .027 -.003 -.006 

.7 .038 -.107 -.094 ,035 .031 -.005 -,005 

.8 -.047 -,715 -.054 .040 .014 -,006 -.004 

.9 -.087 -.102 -.018 .o4o .007 -.006 -.002 



1.0 


-.089 


-.038 


.009 


.035 


.000 


-.006 


-.001 


1.1 


-.066 


.027 


,026 


-.005 


-.005 

-.004 


.001 


1.2 


-.032 


-.005 


.035 


.016 


-.008 


.002 


]^^ 


.000 


.019 


.033 


.005 


-.010 


-.002 


.003 


.023 


.031 


.025 


-.003 


-.009 


.000 


.003 



,005 
,004 


,000 


,002 




1-5 


.032 


.031 


.013 


-.009 


-.007 


.001 


.003 


.000 


.002 




1,6 


.029 


.023 


.002 


-.011 


-.004 


,002 


,002 


,002 


.001 


.002 




\:l 


,018 


,010 


-.007 


-.011 


-.001 


.002 


,002 


.001 


.001 


.001 




,oo4 


-.003 


-.012 


-.008 


.001 


.002 


.000 


.001 


.001 


,000 




1.9 


-.008 


-.011 


-.013 


-.003 


.003 


,002 


-.001 


.002 


.001 


,000 




2.0 


-.oi4 


-.014 


-.009 


,001 


.004 


,001 


-.001 


.002 


.000 


-.001 




2.2 


-.010 


-.007 


.001 


,005 


.002 


-.001 


-.002 


.000 


-.001 


-.001 




2.4 


.003 


.005 


.006 


.003 


-.001 


-.001 


-.001 


,001 


,000 


.000 




2.6 


.008 


.007 


,003 


-.001 


-.002 


.000 


.001 


,001 


.000 


.001 




2.8 


.002 


,001 


-.002 


-.003 


-.001 


,001 


,001 


.000 


.000 


.000 




3-0 


-.004 


-.005 


-,oo4 


-.001 


.001 


.001 


.000 


.001 


.000 


,000 




3.2 


-,oo4 


-.003 


-.001 


.001 


.001 


.000 


.000 


,000 


.000 


.000 




3.^ 


.001 


.002 


.002 


,002 


,000 


.000 


-.001 


,000 


.000 


.000 




3.6 


.003 


,003 


.002 


.000 


-.001 


.000 


.000 


,000 


.000 


,000 




3.6 


,001 


.001 


-.001 


-.001 


-.001 


.000 


,000 


,000 


.000 


.000 
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4.0 


-.002 


-.002 


-.002 


-.001 


.000 


.000 


,000 



9.2.2 TANGENTIAL DOUBLETS 



^o=0'25, ^b = \'75, Gi= 1-060 

cjX 0° 30'' 6(f 90° 120=' 150° 180° 



.0 


1.000 


.796 


.Mo 


.182 


.171 


.238 

.249 


M 


.1 


.923 


.734 


.376 


•177 


.178 


.2 


.710 


.561 


.291 


.161 


■ 197 


.275 


.309 


:l 


Mk 


.321 


.^70 


.138 


.216 


.301 


.333 


.105 


.071 


.110 


.223 


.308 


.336 


.5 


-.1^ 


-.131 


-.055 


.079 


.208 


.280 


.301 


.6 


-.298 


-.2W 


-.111 


.051 


.166 


.214 


.223 


-.1 


-.326 


-.264 


-.ilT 


.026 


.101 


.116 


.113 


-.2l|8 


-.195 


-.080 


.008 


.027 


.005 


-,009 


.9 


-.107 


-.076 


-.021 


-.004 


-,o4i 


-.092 


-,115 


1.0 


.01I3 


.0^7 


.039 


-.010 


-.088 


-.154 


-,i8o 


1.7 


.153 

.194 


• 135 


'o^ 


-.011 


-.104 


-,167 


-.189 


1.2 


.165 
.1311 


-,009 


-.088 


-.132 


-,14^ 
-.064 


\:l 


.162 


!oe6 


-.005 


-.048 


-.062 


.079 


.061 


.024 


-.001 


.001 


.018 


.027 


1-5 


-.021 


-,02ll 


-.021 


.002 


.044 


.084 


,100 


1.6 


-.101 


-.090 


-.055 


■ 003 


.068 


.116 


.134 


]:^ 


-•137 


-.118 


-.066 


■ .003 


.067 


.108 


.122 


-.120 


-.101 


-.053 


.002 


.044 


.065 


.071 


1.9 


-.062 


-.050 


-.022 


.001 


.009 


.005 


.002 


2.0 


.013 


.014 


.013 


.000 


-.026 


-°ll 


-.062 


2.2 


.106 


.091 


.052 


-.002 


-.053 


-,088 


-,100 


2.1) 


.050 


.0*11 


.020 


-.001 


-.011 


-.013 


-.012 


2.6 


-.061 


-.054 


-.033 


.001 


.038 


.067 


.078 


Z.8 


-.078 


..067 


-.036 


.001 


.033 


.053 


.060 


3.0 


.007 


.008' 


.036 


.000 


-.013 


..025 


-.031 


3-2 


.073 


.063 


-.001 


-.037 


-.062 


-.072 


3-^ 


.036 

-.O^ll 


.030 


.015 


.000 


-.011 


-.016 


-.017 


3.6 


-.038 

-.0*9 


-.023 

-.02B 


.000 


.026 


.046 


.054 
.048 


3.6 


-.056 


.000 


.026 


.042 


Jl.O 


.005 


.005 


.004 


.000 


-,008 


-.016 


-.019 


It. 2 


.055 


.oW 


.028 


.000 


-.028 


-.048 


-.055 


H.ll 


.026 


.023 


,012 


.000 


-.010 


-.015 


-.016 


1(.6 


-.03^1 
..o\6 


-.030 


-.018 


.000 


.020 


.035 


.o4o 


It. 8 


-.033 


-.022 


.000 


.021 


.035 


.046 


g.o 


.ooit 


.004 


.003 


.000 


-,005 


-.011 


-.013 


5-? 


.0^5 


.039 


.022 


■ .000 


-.023 


-.039 


-.045 


5.^ 


,023 


.019 


.010 


.000 


-.008 


-.013 

,028 


-.015 


5.6 


-.028 


-.025 


-.015 


.000 


.016 


.032 


5.8 


-.038 


-.033 


-.018 


.000 


.017 


.029 


.034 


6.0 


.004 


.oo4 


.003 


.000 


-.004 


-,008 


-.010 


6.2 


.038 


.033 


.ojg 


.000 


-.019 


-.033 


-.038 


6.k 


,019 
-,025 


.016 


.009 


.000 


-.007 


-.012 


-.013 


6.6 


-.021 


-.012 


.000 


.013 


.023 


.027 


6. a 


-.032 


-.028 


-.016 


.000 


.015 


.025 


.029 


i-O 


.004 


.003 


.002 


.000 


-.003 


-.007 

-.026 


-.006 


7.2 


.033 


.028 


.016 


.000 


-.016 


-.032 


7.4 


.016 


.014 


.007 


.000 


-.007 


-.011 


-.012 


7.6 


-.021 


-.018 


-.011 


.000 


.011 


.020 


.023 


7.8 


-.028 


-.024 


-.oi4 


.000 


.013 


.022 


.026 



^a 


= 0-25 


: 


^*=2'25, 


G 


1 = 1-133 


cjX 


0° 


30° 


60° 


90= 


120° 


150= 


180° 


.0 


1.000 


.7^1 


■371 


,224 


.261 


.307 


.320 


. 1 


.924 


.701 


.3i3 


.216 


.259 


.304 


.31S 


.2 


.714 


• 537 


.266 


.195 


•251 


.292 


.301 


^^ 


,422 


.309 


,160 


,164 


.234 


.266 


.269 


.116 


.072 


.050 


.126 


.202 


.221 


,217 


.5 


■-■M 


-.120 


-.038 


.086 


.154 


.153 


.142 


.6 


-.229 
-.244 


-.067 


.049 


.093 


.069 


.050 

-.0% 


■I 


-.315 


-.091 


.019 


.025 


-.021 


-,242 


-.179 


-.059 


-.003 


-.038 


-,iOO 


-.127 


•9 


-.106 


-.067 


-.007 


-.015 


-.084 


-.152 


-.177 


1.0 


.039 


.o49 


.043 
.074 


-.019 


-.105 


-.165 


-.184 


1.1 


:i46 


.131 


-.QI7 


-.097 


-,138 


-.148 


1,2 


.187 


• 157 


.078 


-.011 


-.066 


-.079 


-.078 


;:? 


.157 


.126 


.055 


.,005 


-.020 


-.005 


,005 


.077 


.056 


.015 


.001 


.026 


.063 


.079 


1-5 


-.020 


-.026 


-.026 


.005 


.059 


.106 


,124 


1,6 


-.098 


-.0S9 


-.054 


.006 


.070 


.113 


.128 


!:^ 


-.133 


-.ll4 


-.062 


.005 


.058 


.066 


.093 


-.116 


-.096 
-.046 


-.047 


.003 


.030 


.034 


,033 


1,9 


-.O'jO 


-.017 


.000 


-.006 


-.024 


-.033 


2,0 


.013 


.016 


.016 


-.002 


-,036 


-.069 


-,082 


2,2 


.103 


.089 


.050 


-,CXi2 


-.0% 


-077 


-,085 


2,4 


.049 


.038 


.016 


-,C01 


-.002 


.006 


,011 


2,6 
2.8 


-.05? 
-.076 


--■m 


-!o34 


.001 
,001 


.o4o 

,027 


.070 

.040 


.081 
,o44 


3,0 


.007 


.009 


.ooS- 


.000 


-.018 


-.035 


-.042 


3.2 


,071 


.061 


.035 


-.001 


-.035 


-.058 


-.066 


3.4 


.035 
-.c43 


.029 


.013 


,000 


-.006 


-.006 


-.005 


3.6 


-.038 

-.048 


-.023 


,000 


.027 


.048 


.056 


3.0 


-.056 


-.026 


,000 


.022 


•035 


.o4o 


4.0 


,005 
,054 


.006 


.005 


,000 


-.011 


-.021 


-.026 


4.2 


.047 


.027 


.000 


-027 


-.046 


-.052 


4.4 


.027 


.022 


.011 


.000 


-.007 


-.009 


-.009 


4.6 


-!o45 


-,030 


-.018 


.000 


.020 


.036 


.042 


4.8 


-,038 


-.021 


,000 


.019 


.030 


.034 


5.0 


.004 


.005 


.oo4 


,000 


-.007 


-.015 


-.018 


5.£ 


.044 


.038 


.022 


,000 


-.022 


-.037 


-.043 


5.4 


.022 


.018 


.009 


.oco 


-.006 


-.009 


-.010 


5.6 


-,028 


-.024 


-.015 


,000 


.016 


.029 


.034 


5.8 


-037 


-.032 


-.018 


,000 


.016 


.026 


.030 


6.0 


.004 


.004 


.003 


.000 


-.006 


-.011 


..013 


6.2 


.037 
.016 


.032 


.018 


.030 


-,018 


-.031 


-.036 


6.4 


.015 


.006 


,000 


-,006 


-.009 


-.010 


6,6 


-,024 


-.021 


-.012 


,000 


.014 


.024 


.028 


6.8 


-.031 


-.027 


-.015 


,000 


,oi4 


.023 


.026 


7,0 


,003 


.003 


.003 


.000 


-.oo4 


-.009 


-.on 


7.2 


.032 


.027 


.016 


.000 


-,016 


-.027 

-.008 


..031 


7.4 


,016 


.013 


.007 


,000 


-.005 


-.009 


7.6 


-.021 


-.018 


-.on 


.000 


.012 


.021 


.024 


7.8 


-.027 


-.023 


-.013 


.000 


.012 


.020 


.023 



8.0 .003 .003 



.002 



,000 



.C03 -.006 -.007 



.003 .003 



.002 



.000 



,004 -.007 
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9.2.2 Tangential Doublets (cont.) 



Pa 


= 0-25, 


/3i = 


2-75, 


G, = \- 


117 


cjX 


0° 


30° 


60° 


90° 


120° 


150° 


180° 


.0 


1.000 


.718 

.661 


.322 


.214 


.207 


.164 


■ 137 


.1 


.92i| 


.298 


.206 


.200 


• 157 


.129 


.2 


.716 


■505 


.231 


.183 


.181 


.133 


.103 


■1 


.425 


.289 


.046 


.148 


.148 


.093 

.o4i 


.062 


.121 


.065 


.107 


.104 


.008 


•5 


_.ni 


-.116 


-■029 


.065 


.051 


-.020 


-.054 


.6 


-!28l 


-.218 


-.069 


.027 


-.005 


-.081 


-.114 


i 


-313 


-.230 


-.070 


-.002 


-.056 


-.132 


-.161 


-.2l|2 


-.166 


-,o4i 


-.020 


-.093 


-.161 


-.183 


■ 3 


-.109 


-.059 


.003 


-.028 


-.110 


-.167 


-.175 


1.0 


.035 
.142 


.052 


.045 


-.028 


-.102 


-.131 


-.13!) 


1.1 


.128 


.069 


-.021 


-.074 


-.076 


-.070 


1.2 


.183 


.151 


.068 


-.011 


-.031 


-.009 


.006 


u 


.155 


.119 


.044 


-.002 


.014 


.054 


-073 


.076 


.050 


.007 


.005 


.050 


.099 


-117 


1-5 


-.019 


-.028 


-.030 


.008 


.0^9 


.113 


.127 


1.6 


-.096 


-.088 


-.053 


.009 


.066 


.095 


.101 


\:l 


-.130 


-.111 


-.o4o 


.006 


.o4ii 


.051 


.050 


-.114 


-.092 
-.042 


.003 


.011 


-.003 


-.012 


1.9 


-.059 


-.011 


-.001 


-.022 


-.0:^3 


-.066 


2.0 


.012 


.018 


.020 


-.003 


-.045 


-.082 


-.095 


£.2 


.101 


.087 
.036 


.047 


-.003 


-.042 


-.059 


-.062 


2.4 


.048 


.012 


.000 


.009 


.027 


.036 
.oBo 


2.6 


-.058 


-.053 


-.033 


.C02 


.042 


.070 


2.8 


-.075 


-.062 


-.031 


.001 


.020 


.02l| 


.024 


3.0 


.007 


.009 


.010 


-.COl 


-.023 


-.045 


-.053 


3.2 


.070 


.060 


.034 


-.001 


-.033 


-.051 


-.057 


3.1* 


.034 
-,042 


.027 
-.036 

-.0^7 


.0)1 


.000 


-.001 


,006 


.010 


3.6 


-.024 


.001 


.029 


.050 


.058 


3.8 


-.055 


-.025 


.001 


.019 


.027 


,029 


If.o 


.005 


.006 


.007 


.000 


-.oi4 


-.028 


-.046 


lt.2 


.053 


.046 


.026 


-.001 


-.026 


-.042 


l(.Jt 


.027 


.022 


.010 


.000 


-.003 


-.001 


,000 


k.6 


::^\ 


-.029 


-.018 


.000 


,021 


.038 


.044 


^.8 


-.037 


-.020 


.000 


.016 


.025 


,028 


5.0 


,oo4 


.005 


.005 


.000 


-.010 


-.019 


-.023 


5.2 


.043 


.037 
.018 


.021 


.000 


-.021 


-.035 

-.oo4 


-.o4o 


5.^ 


.022 


.008 


.000 


-.oo4 


-.oo4 


5.6 


-.027 


-.024 


-.015 


.000 


.017 


.030 


.035 


5.8 


-.036 


-.031 


-.017 


.000 


,oi4 


,023 


.025 


6,0 


,oo4 


.oo4 


.oo4 


.000 


-.007 
-.018 


-.oi4 


-.017 


6.2 


.036 


.031 


.018 


.000 


-.030 


-.034 


6.4 


.018 


.015 


.007 


.000 


-.004 


-.005 


-.005 


6.6 


-.023 


-.021 


-.012 


.000 


.ot4 


.025 


.029 


6.8 


-.031 


-.026 


-.oi4 


.000 


.013 


.020 


.023 


7.0 


.003 


.oo4 


.003 


.000 


-.006 


-.on 


-.013 


7.2 


.031 


.027 


.016 


.000 


-.01^- 

-.oo4 


-.026 


-.030 


■?•!! 


.015 


.013 


.006 


.000 


-.oog 


-.006 


7.6 


-.020 


-.018 


-.011 


.000 


,012 


.021 


.025 


7.8 


-.027 


-.023 


-.013 


.000 


.on 


.018 


.021 



j3a=0-5, ^&=2-0, Gj = ].478 

c/A 0° 30° 60° 90° 120° 150° 180° 

.300 .330 

.301 .330 

.300 .325 

.267 , .307 

.258 .267 



1 .0 

1.1 
1 .2 



6.0 
6.2 
6.4 

6.6 
6.8 

7.0 

7-2 
7.4 
7.6 
7.8 



.184 
.180 
.166 
.146 

.120 

.092 
.063 

.037 

.016 

,000 



.o42 .050 ,o45 -.010 

.i4i .126 .073 -.014 

.178 .i49 .075 -.013 

.i47 .118 .051 -.010 

.069 .050 .012 -.005 



.0 


1.000 


.769 


.^6l 


.1 


.926 


.711 


.340 


.2 


■ 723 


■551 


.266 


:] 


.439 
.142 


.328 
.096 


.164 
.059 


•■5 


-.105 


-.093 


-.026 


.6 


-.253 


-.203 


-.073 


:l 


-.287 


-.222 


-.07a 


-.220 


-.163 


-.OW 


.3 


-.094 


..056 


-.001 



.221 
.223 

.227 
.225 
.211 

.178 
.126 

.060 
-.007 
-.062 



.201 .200 

.121 .log 

.027 .005 

.064 -.091 

.132 -,160 



.162 -185 

.058 -.149 -.164 



.095 



1.5 -.023 -.028 -.027 

1.6 -.098 -.088 -.054 

1.7 -.129 -.111 -,060 

1.8 -.111 -.092 -,o45 

1.9 -.056 -.0% -.015 



.000 
.003 
.005 
.005 
.003 



.074 -.098 -.102 

-.032 -.026 -.019 

.0i4 .046 .061 

.050 .097 .115 

.067 .113 .129 

.061 .093 -I03 

.035 .045 .o46 

.001 -.013 -.020 



2.0 


,015 


.018 


.017 


.001 


-.030 
-.049 


-.061 


-,074 


2.2 


.101 


.0S7 


,o49 


-.002 


-.080 


-.090 


2.4 


,o46 


.036 


.015 


-.002 


-.006 


-.001 


.003 


2.6 


-.059 


-.053 


-.033 


.000 


.038 


.067 


.073 


2.8 


-.074 


-.062 


-.033 


,002 


.029 


.044 


.oii9 


3.0 


.008 


.009 


.009 


.001 


-.015 


-.031 


-.037 


3-2 


.070 


.060 


.034 


-.001 


-.035 


-.058 


-.067 


3.4 


.034 


.027 


.013 


-.001 


-.008 


-.009 


-.009 


3.6 


-.042 


-.OV 
-.047 


-.023 


.000 


.026 


.046 


.0^4 

.042 


3.8 


-.055 


-.025 


.001 


.023 


.037 


4.0 


.006 


.006 


.006 


.001 


-.009 


-.019 


-.023 


4.2 


■053 


.046 


.026 


.000 


-.027 


-.045 


-.052 


4.4 


,026 


.022 


.011 


-.001 


-.008 


-.011 


-.011 


4.6 


:m 


-.029 


-,Ql8 


.000 


.019 


.035 


.o4i 


4.8 


-■037 


-.021 


.000 


.019 


■.031 


.035 


5.0 


.005 


.005 


.oo4 


.000 


-.006 


-.013 


..01S 


5.2 


.043 


.037 


.021 


.000 


-.021 


-.037 


-.042 


5.4 


.021 


.018 


.009 


.000 


-.007 


-.011 


-.011 


5.6 


-.027 


-.024 


-.oi4 


.000 


.016 


.028 


.032 


5.8 


-.036 


-.031 


-.017 


.000 


.016 


.027 


.030 



,oo4 
.036 
.018 

-.023 

-.031 

.oo4 

.031 

.015 

-.020 

-.027 



. oo4 . 003 

.031 .016 

.015 .008 

.020- -.012 

.026 -.015 



.003 
.027 
on 
.018 
.023 



.003 
.016 

.007 

-.011 

..013 



.000 -.005 

.000 -.018 

.000 -.006 

.000 .013 

.000 .014 

.000 -.oo4 

.000 -.015 

.000 - . 006 

.000 .011 

.000 .012 



.010 -.012 

.031 -.036 

.010 -.011 

.023 .027 

.023 .025 

.008 -.009 

.027 -.031 

.009 -.010 

.020 .023 

,021 .024 



8.0 ,003 .003 



,003 



.000 



.oo4 -.009 -.oil 



.0 .003 .003 .002 .000 -,003 -.006 -,007 
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9.2.2 Tangential Doublets {cont.) 



^a 


=0-5 


J 


pb = 


2-5, 


Gi = l- 


516 


cjX 


0" 


30° 


60° 


90° 


120° 


150° 


180° 


.0 


1.0O0 


.7^3 


.350 


.215 


.223 


.215 


.2oa 


.1 


.929 


.688 


.326 


209 


,219 


.208 


.195 


.2 




.538 


.261 


.190 


.205 


.188 


.172 


i 


.330 


.179 


.161 


.160 


.153 


.132 


!i66 


.112 


.076 


.126 


.144 


.103 


.077 


'•% 


-.078 


-.068 


.000 


.086 


.095 


.041 


.011 


.6 


-.223 


-175 


-.045 


.053 


.040 


-.027 


-.059 


-.1 


-.270 


-.198 


-.054 


,02S 


-.016 


:■:$ 


-.121 


-.zih 


-.lis 


-.033 

.oo4 


-.001 


-,062 


-.162 


.9 


-.100 


-.056 


-.015 


-.091 


-.152 


-.172 


1.0 


.027 


.oil 


.039 


-.021 


-.096 


-.138 


-.143 


1.1 


.122 


.110 


.060 


-.021 


-.079 

-,o44 


-.095 
-.034 


-.095 


1.2 


.159 


.132 


.059 


-.076 


-.024 


1:^ 


.135 


.104 


.037 


-.009 


-.002 


.030 
.080 


.047 


.065 


.043 


.004 


-.002 


■036 


.099 


1.5 


-.019 


-.027 


-.028 


.004 


.059 


.io4 


.120 


1.6 


-.087 


-.080 


-.049 


.007 


.063 


,096 


,106 


\:l 


-.117 


-.100 


-.052 


.007 


,o47 


.061 


.063 
.004 


-.102 


-.082 


-.036 


.005 


,019 


.011 


1.9 


-■051 


-.037 


-.009 


.002 


-.013 


-.039 


-.050 


£.0 


.013 


.018 


.019 


.000 


-.038 

-.042 


-.072 


-■085 


£.2 


.092 
.0ll2 


.079 


.043 


-.003 


-.062 


-■067 


2.\ 


,032 

-.0% 


.011 


-.002 


.003 


,oi8 


,025 


2.6 


-.05^ 


-.031 


.001 


.038 


.065 


.P75 


a. 8 


-.068 


-.057 


-.029 


.002- 


.022 


.029 


,030 


3.0 


.008 


.009 


.010 


.001 


-.019 


-.03S 


-.046 


3.2 


,064 


.056 


,032 


-.001 


-,031 


-.050 


-.057 


3.h 


.031 


.025 


.010 


-.001 


-.003 


.001 


.004 


3.6 


-.039 


-.035 

-.043 


-.022 


.000 


026 


.0!l6 


.053 


3.8 


-.051 


-.023 


.001 


.019 


.028 


.031 


^.0 


.005 


.006 


.006 


.000 


-,on 


-,023 


-.028 


It .2 


.049 
.024 


.043 


.024 


,000 


-.024 


-.o4o 


-.046 


J(.!; 


.020 


.009 


-.001 


-.005 


-.004 


-.003 


^.6 


-!oto 


-.027 


-.017 


,coo 


,019 


.034 


.o4o 


h.& 


-.034 


-.019 


,000 


,016 


.025 


.028 


5.0 


.00 If 


.005 


.004 


.000 


-.008 


-.016 


-.019 


5.2 


.0l|0 


.035 


.020 


.000 


-.020 


-.033 


-.038 


5.^ 


.020 


.016 


.008 


.000 


-.005 


-,oo£ 


..006 


5.6 


-.025 


-.022 


-,oi4 


.000 


.015 

.014 


.027 


.032 


5-8 


-.033 


-.029 


-.016 


,000 


.022 


.025 


6.0 


,00!| 


,oo4 


.003 


.000 


-.006 


-.012 


-.014 


6.2 


.034 


.029 
.014 


.017 


,000 


-.017 


-.028 


-.032 


6. It 


.017 


.007 


.000 


-.005 


-.006 


-.006 


6.6 


-,022 


-.019 
-.024 


-.012 


,000 


.013 


,023 


,026 


6.3 


-.023 


-.013 


.000 


,0J2 


.oso 


.022 


7.0 


.003 


.003 


.003 

.014 


.000 


-.005 

-.014 


-,009 

-.024 


-.011 


,2 


.029 
.0ll| 


.025 


-.000 


-.023 


7.^ 


.012 


.006 


,000 


-.004 


-.006 


-.006 


7.6 


-,019 


-.017 


-.010 


.000 


.011 


.019 


,023 


7.8 


..025 


-.021 


-.012 


.000 


,011 


.018 


.020 


8.0 


.003 


.003 


.002 


.000 


-.004 


-.007 


-.009 



Pa 


= 0-5 




Pb= 


3-0, 


Gi = l-. 


272 


c/A 


0° 


30° 


60° 


90° 


120° 


150= 


180° 


.0 


1.000 


■703 


.310 


■ 193 


.128 


.032 


-.012 


.1 


.928 


,651 


.269 


,186 


,122 


.026 


-.019 


.2 


■Ml 


.507 


.231 


.165 


.103 


.007 


-.037 


\l 


.306 


•^51 


■ 133 


.075 


-■023 


-.066 


.159 


.096 


.068 


.096 


.037 


-.060 


-,101 


■5 


-.087 


-.076 


.000 


.057 


-.005 


-.098 


-.135 


.6 


-.241 


-.179 


-.039 

-,o47 


.022 


-.046 


-.130 

-.149 


-.161 


-.1 


-,284 


-.200 


-.006 


-.079 


-,171 


-.230 


-■151 


-,029 


-.024 


-,098 


-.148 


-.160 


■9 


-.115 


-.061 


.002 


-.032 


-.099 


-.124 


-.125 


1.0 


.013 


•035 


,033 

.049 


-.032 


-.061 


-.081 


-.072 


1.1 


.112 


.102 


-.025 


-.049 


-.025 


-.006 


1.2 


.154 


.124 


.047 
.028 


-.015 
-.004 


-.009 


,032 


!o9B 


u 


.134 


.099 


.028 


,078 


.069 


.o4i 


-.001 


.oo4 


.055 


.101 


.117 


1-5 


-.013 


-.025 


-.029 


.009 


.064 


.097 


.106 


1.6 


-.081 


-.094 


-.045 


.010 


.055 


.068 


.069 


\:l 


-,112 


-.045 


.009 


.031 


.023 


.016 


-.099 


-.077 


-.029 

-.004 


.005 


.000 


-.025- 


-.037 


1.9 


-.051 


-.034 


.001 


-.028 


-.062 


..076 


2.0 


,011 


.018 


.021 


-,003 


-.044 


-.078 


-.090 

-.040 


2.2 


.089 


.076 


.o4o 


-,005 


-.033 

.014 


-,o4o 


2.4 


.o4i 


.029 


.007 


-.001 


.036 


.046 


2.6 


-.052 


-.0!|8 


-.031 


.002 


.038 


.062 


.069 


2.8 


-.066 


-.054 


-.025 


.002 


,oi4 


.012 


.009 . 


3.0 


.007 


.010 


.012 


.000 


-.023 
-,02B 


-.046 


I;o46 


3,2 


.063 


.054 


.030 


-.002 


-.042 


3-'i 


.030 


,023 


.008 


-.001 


.002 


.012 


.017 


3.6 


-.038 


-035 


-.022 


,001 


.027 


.046 


■053 


3.8 


-.050 


-.o4i 


-,021 


,001 


.015 


.019 


.020 


4,0 


.005 


.007 


.007 


,000 


-.oi4 


-.029 


-.035 
-.041 


4.2 


.o48 


.042 


.024 


-.001 


-.023 


-.036 


4.4 


.024 


.019 


.008 


-.001 


-.001 


.003 


.005 


4.6 


-.030 

-,040 


-.027 


-.017 


,000 


,020 


■035 


.o4i 


4.8 


-.033 


-.017 


,001 


.oi4 


.020 


,021 


5,0 


.004 


.005 
.034 


.005 


,000 


-.010 


-.020 


-.024 


5'? 


.039 


.019 


.000 


-.019 


-.031 


-.035 


5.^ 


.019 


.015 


.007 


.000 


-.003 


-.001 


.000 


5.6 


-.025 


-.022 


-.014 


.000 


,016 


.028 


.033 


5.8 


-.033 


-.028 


-.015 


.000 


.012 


,018 


.020 


6.0 


.oo4 


.oo4 


.oo4 


,000 


-.007 


-.015 


-.018 


6.2 


.033 


.028 


.016 


,000 


-.016 


-.026 


-.030 


6.4 


.016 


.013 


.006 


.000 


-.003 


-.003 


-.002 


6.6 


-.021 


-.019 

-.024 


-.012 


.000 


.013 


.023 


.027 


6,8 


-.028 


..013 


.000 


.on 


.017 


.019 


7.0 


.003 


?oo4 


.003 

.014 


,000 


-.006 


-.011 


-.oi4 


7.2 


.023 


.025 


.000 


-.oi4 


-,023 


-.026 


^■i 


.014 


.011 


.005 


.000 


-.003 


-.003 


-.003 


^■^ 


-.019 


-.016 


-.010 


.000 


.011 


.020 


.023 


7.8 


-.024 


-.021 


-.011 


.000 


.010 


.015 


.0171' 



8.0 .003 .003 



.003 



.000 



.004 -.009 



.011 
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9.2.2 Tangential Doublets (com.) 



/3a = 0'75, ^b=2-25, Ga=2-015 

c/A 0° 30° 60° 90° 120° 150° 180° 



.0 1.000 .752 .3!i5 

.1 .933 -700 .323 

.2 ■ .-jMj .558 ,265 

.3 .486 .3eo .182 

.4 .£08 .151 .096 



.181 

.178 

.167 
.151 

.129 



.198 

.197 
.192 
.180 
.157 



.222 .223( 

.218 .218 

.20)1 .199 

.177 .166 

.135 .116 



025 

018 



.5 -.027 -.021) 

.6 -.177 -.132 

.7 -.227 -.1S3 

.8 -.186 -.126 

.9 -.090 -.05)9 .011 



103 .121 .078 .051 

075 .073 .012 -.020 

030 .oii8 .019 -.053 .;,o88 

016 .023 -.031 -.106 -.138 

003 -.068 -.135 -.160 



1.0 

1.1 

1.2 



VI 

1-9 

2.0 
2.2 

2.1| 
2.6 
2.8 

3.0 

3-2 

3.8 

h.o. 

*.2' 

4.8 
5.0 

5.3 

6.0 
6.2 
6.k 
6.6 
6.Q 

7.0 

7-^ 
7.8 



.021 
.lolf 



.133 

.101 



.10l( 



035 .038 -.011 -,08!i 

095 .053 -.018 -.077 

737 .113 .0% -.019 -.051 -.0I17 -.039 

115 ,oS8 .028 -.016 -.014 .015 ,030 

054 .03^) -.002 -,009 .023 ,066 .055 



.021 -.028 

.081 -.074 -.0^6 ,00)) 

.105 -.090 -.Oi)6 .007 

.090 -.072 -.030 .008 

.043 -.030 -.0C5 .006 



030 -.002 .o4g 

o46 ,00)) .058 

.047 

.023 

-.007 



.095 
.093 
.064 
.Olf 



,112 
.105 
.068 
.Oil) 



-,029 -,0J)0 



.016 .019 .020 .003 

.085 .073 .01)0 -.003 

.036 .027 .008 -.oo4 

.052 -.047 -.030 .000 

.062 -.052 -.026 .003 



-.031 

-.040 



.009 .010 

,060 .052 

.028 .022 

.037 -.03^ 

,047 -.040 

.006 .007 

.oiiS .01)0 

.022 .018 

.029 -.026 

.038 -.032 



.005 
.037 
.018 
.02!) 
.031 



.005 

.032 

.015 

-.021 

-.027 



.004 
.027 



.oo4 

.031 

.015 .01- 

.020 -.018 

.027 -.023 



.010 .002 

,030 -,Q01 

.009 -.002 

,021 -.001 

.021 .001 

.006 .001 

.023 .000 

.008 -.001 

,016 .000 

.017 ,001 

.005 .001 

.019 .000 

.007 -.001 

.013 .000 

,014 ..000 

.003 .001 

.016 .000 

.006 -.001 

.011 .000 

.012 .000 



.003 
.027 
.013 
.018 

.023 



.00 
.02 
,011 

-.016 

-.020 



'I :^l 



003 .000 

074 .000 

005 .000 

010 .000 

oil .000 



.000 

.031) 

.023 

..oiS 
.030 
.005 

.023 

.019 

.009 
.023 
.006 
.Q18 
.oie 

.QOS 

.019 
.005 

.014 

.013 

.005 
.016 
.005 

.012 
.012 

.001) 

.013 

.004 
.010 
.010 



.061) 
.062 

.012 

.061 

.031 
■.033 

■.049 

..002 
.042 

.029 

.020 

.039 

.oofi 
.032 
.025 

.oil) 
.032 
.007 
,025 

.022 
.010 

.027 
.007- 

.021 

.019 ■ 

.008 
.023 
.006 
.018 

.017 



■.077 
■.068 
.018 
,071 
,032 

.0l(0 

.055 

.000 

.01)9 
.031 

.025 
.01)4 
.005 

.037. 

.028 
.017 

.036 
.007 
.030 

,02l) 

.013 
.031 
.007 

.024 
.022 

.010 

.026 
.007 

.021 

.019 



c/A 0° 30= 60° 90° 120° 150° 180° 



.0 


1.000 


■m 


.3=^3 


.207 


.1^7 


.082 


.043 


.1 


.933 
■749 


.323 


.201 


.1'53 


.076 


.037 
.018 


.'d 


.5te 


.267 


.181) 


.139 


.059 


:? 


.490 


.3^4 


.1t^ 


.158 


.115 


.030 


-.012 


.213 


,152 


.107 


.125 


.082 


-.007 


-.049 



.5 -.02!) _.020 .03?' .089 .01)2 -.0l|Q -,0i 

.6 -.180 -.129 -,009 .054 .000 -.087 -.'iZ 

.7 -.236 -.164 -,027 .023 -.039 --lib -.I'lS 

.8 -.203 -.133 -.020 -.001 .,068 -.128 -.1^8 

.9 -.111 -.063 .001 -.018 -.081 -.119 -.1£7 



8.0 .003 .003 .002 .000 -.003 -.006 -.008 



1.0 


-.003 


.017 


.023 


-.025 


-.076 


-.088 


-.085 


1.1 


.083 


,076 


.036 


-.027 


-.055 


-.01)1 


-.029 


1.2 


.123 


.098 


■.03 J) 


-.022 


-,022 


.0)1 


.029 


\-l 


.no. 


,080 


,018 


-.013 
-.004 


.012 


.057 


.077 


.057 


.03I) 


-.005 


.039 


.083 


.102 


^■5 


-.on 


-.021 


-.026 


.004 


.053 


.089 


.100 


1.6 


-.067 


-.062 


-.038 


.009 


.050 


.069 


.072 


1 .7 


-.092 


-.078 


-.036 


,010 


.033 


.031 


.026 


1 .□ 


-.081 


-.063 


-.022 


.008 


,007 


-.013 


-.023 


1.9 


-.01(1 


-.026 


-.001 


.005 


-.018 


-.01)9 


-.062 


2.0 


.012 


.017 


,020 


.001 


-.036 


-.068 


-.080 


2.2 


.076 


.065 


.03!) 


-.005 

-.004 


-.032 


-.01)2 


-.01)3 


2. It 


.033 


.023 


.OOl) 


,008 


.027 


.036 


2.6 


-.047 


-.oii3 


-.028 


.001 


.033 


.056 


.064 


2.8 


-.057 


-.0I16 


-.022 


.003 


.015 


.016 


,oi4 


3.0 


.008 


.010 


.011 


.001 


-.019 


-.039 

-.040 


-.01)6 


3.2 


.055 


.016 


.027 


-.001 


-.025 


-.01)4 


3.^ 


.025 

-.034 

-.043 


.019 


.006 


-.002 


.000 


.008 


.012 


H 


-031 


-.020 


.000 


.023 


.01)1 


.047 


3.8 


-.036 


..018 


.001 


.015 


.020 


.021 


i.o 


.006 


.007 


,007 


.001 


-.011 


-.024 


-.029 


h.2 


.01)3 


.037 
.016 


.021 


-.001 


-.021 


-.031) 


-.038 


1).!) 


.020 


,006 


-,OCT 


-.002 


.000 


.002 


iv.6 


-.027 


-.021) 


-.015 


,000 


.017 


.031 


.096 


4.8 


-.035 


-.029 


-.015 


.031 


.013 


.019 


.021 


5.0 


.oo4 


.005 


,005 


.001 


-.008 


-.016 


-.020 


5-? 


.035 


,030 


'.006 


,000 


-.017 


-.028 


-.032 


^■^ 


.017 


.013 


-.001 


-.003 
.oi4 


-.002 


-.001 


5.6 


-.022 


-.020 


-.012 


.000 


.025 


.029 


5.8 


-.029 


-.021) 


-.013 


.001 


.011 


.01a 


.019 


6.0 


.OOl) 


.Oq!) 


.oo4 


.000 


-.006 


-.012 


-.015 


6.2 


.029 


.025 


.oA 


.000 


-,0ll| 


-.02!) 


-.027 


6.1* 


.0)4 


.011 


.005 


-.001 


-,003 


-.003 


-.003 

.024 


6.6 


-.019 


-.017 


-,010 


.000 


,011 


.020 


6.8 


-.025 


-.021 


-.011 


.000 


.010 


.016 


.018 


7.0 


.003 


.003 


.003 


.000 


-.005 


-.010 


-.012 


7.2 


.025 


,022 


.013 


.000 


-.012 


-.021 


-.024 


7-^ 


.012 


,010 


,005 


.000 


-.003 


-.OOl) 


-.004 


7-^ 


-.017 


-.015 


-,009 


.000 


,010 


.017 

.014 


.020 


7.8 


-.021 


-.018 


-.010 


.000 


.009 


.016 


8.0 


.003 


.003 


.002 


.000 


-.004 


-.008 


-.009 
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9.2.2 Tangential Doublets (cont.) 



pa 


=0-75, 


pb= 


3-25, 


G, = l- 


185 


^a 


= 10 


5 


^b = 


2-5, 


Ci==2- 


160 


cjX 


0° 


30° 


60= 


90° 


120° 


150° 


180° 


c/\ 


0° 


30° 


60° 


90° 


120° 


150° 


180° 


.0 


1,000 


.683 


-300 


.17^ 


,062 


-.063 


-.113 


.0 


1.000 


.740 


.342 


li^ 


.160 


,ioS 


,069 


.1 


■?30 


.639 


,281 


.168 


.057 

,042 


-,067 
-.078 


-,116 


.1 


■ 937 


:g 


,324 


.158 


,103 


.2 


.73S 


.502 


.229 


.148 


-,125 


,2 


.763 


,274 


.178 


.150 


.068 


.052 


:5 


.466 


.311 


.156 


•^35 


.020 


-.094 


-,136 
-.147 


:l 


■ 517 


,383 


.204 


,162 


,135 


,063 


.023 
-.014 


■177 


.109 


.079 


.083 


-,008 


-,111 


.252 


.1W 


,129 


.i4i 


,111 


.029 


.5 


-.070 


-.061 


.013 

-.028 


.046 


-.038 


-,125 


-.153 


.5 


.021 


.021 


,063 


.114 


,078 


-,011 


-.055 


.6 


-.230 
-.284 


-.166 


.012 


-.064 


-,131 


-.i49 


,6 


-■135 


-,090 


.018 


.084 


.038 


-,052 


-,093 


■I 


-.135 


-.043 

-.034 


-,015 


-.082 


-.io4 


-,132 


:l 


-,20Q 


..134 


-,oo4 


,053 

,024 


-.003 


.,066 


-,121 


-.243 


-.15S 


-!o4o 


-.088 


-,100 


-.181 


-.116 


-,oo4 


-.038 


-.106 


-.132 


.9 


-.l4o 


-.079 


-.011 


-.079 


-.063 


-.055 


■ .9 


-.106 


-.060 


,007 


,000 


-,060 


-.107 


-,121 


1.0 


-.018 


.008 


.012 


-.039 


-,057 


-,024 


-.003 


1,0 


-,01J 

,064 
■,102 


.003 


,021 


-.017 


-,066 


-.086 


-.088 


1.1 

1.2 


.081 
.130 


,074 
.101 


.027 
.028 


-.031 
-.019 


-,025 
,008 


.02^ 
.062 


.047 

,086 


1.2 


,060 
,080 


.028 

,024 


-,026 
-,027 


-.055 
..031 


-.048 
-.002 


-.039 
.015 


;:5 


,123 
,071 


.087 
,o4i 


,016 
.,oo4 


..006 

.Q04 


■037 
,053 


,086 

.030 


,105 

.100 


u 


.093 
.o4g 


.066 
,028 


.003 
-.010 


-.022 
-,013 


-.001 

.026 


,042 

.071 


,062 
.090 


1-5 


.001 


-.014 


-.022 


.011 


.054 
,o4i 


.072 


,073 


1.5 


-,008 


-,018 


-,026 


-,003 


.o!i3 


,080 


,093 


1.6 


-.060 


-.057 


-,032 


.014 


.037 


,030 


1,6 


-.057 


-.053 


-.034 


.006 


,045 


.066 


,070 


\i 


-.091 


-.075 


-.03! 


,012 


,017 


-,005 


-,018 


]:l 


-.079 


-,066 


-.030 


.011 


,033 


,034 


.030 


-.083 


..ofe 


-.017 


.008 


-,009 


-,042 


-.058 


-,063 


-,052 


-.016 


,012 


,012 


-,006 


-.016 


1-9 


-.045 


-.028 


.002 


.003 


-,031 


.,066 


-.073 


1,9 


-.033 


-.020 


.003 


.003 


-,012 


-.04l 


-,054 


2.0 


.007 


.015 


.020 


-.002 


-.o4i 


-.0S9 


-.077 

-.016 


2.0 


.012 


.017 


.021 


,oo4 


-.029 


..061 


-073 


2.2, 


.074 


.062 


.030 


-.007 


-,024 


-,021 


2.2 


,066 


■057 


,030 


-,005 


-.031 


-,o4i 


-,o43 


2.Jt' 


.op 
-.045 


.0^3 


.001 


~.Q03 


.0)7 


,043 


.054 


2,4 


.027 


.018 


,001 


-.006 


,oo4 


.022 


.031 


Z.6 


-,042 


-.027 


.002 


.033 


,051 


.056 


2.6 


-.043 


-,o4o 


-,026 


-.001 


,030 


,052 


,ofio 


2.8 


-.056 


-,045 


-.019 


.oo4 


.006 


.000 


-.005 


2,8 


-,050 


-.o4o 


-.018 


.004 


.016 


,017 


,016 


3.0 


.007 


.011 


.013 


.001 


-.023 


-.045 


-.053 

-.034 


3.0 


,009 


.011 


,012 


.003 


-,016 


-.034 


-,042 


3.2 


.055 


.047 
.018 


.025 


-,002 


-,023 


-.032 


3.2 


.050 


,043 


.024 


-.001 


-,024 


-.038 


-.0!|2 


3.^ 


.025 
-.034 
-.043 


.005 


-.002 


,005 


.018 


.024 


3.^ 


.022 


,016 


.005 


-,003 


-,002 


.005 
.038 


.003 
.044 


3.6 


-.032 


-,020 


.000 


.024 


.o4i 


.047 


3.6 


-,032 


-,023 


-,019 


-.001 


,021 


3.8 


-.036 


-,017 


.002 


.011 


,012 


.010 


3.8 


-.039 


-.032 


-.016 


,002 


.015 


.020 


.021 


4.0 


.006 


.007 


,008 


.001 


..015 


-,029 


-.035 


4.0 


,006 


.007 


.007 


'.002 


-.010 


-,021 


-,026 


11.2 


.043 


■037 


,021 


-.001 


-,020 


-.030 


-033 


4.2 


,033 


.034 


.019 


-.001 


-.019 


-,032 


-.036 


it. 4 


.020 


.015 


.005 


-,001 


,001 


.007 


■ ,010 


4.4 


,0i8 


.Ol4 


,005 


-.002 


-.003 


-,001 


,001 


4.6 


-.027 


-.025 


-.016 


,000 


.016 


.032 


,037 


4.6 


-.025 


-.023 


-,0H 


-.00! 


.016 


.os8 


.033 


4.6 


-035 


-.029 


-.015 


,001 


.011 


.oi4 


,015 


4,8 


-,031 


-.026 


.00! 


,013 


,019 


,020 


5.0 


.oo4 


.005 


.006 


.001 


-.oio 


-,021 


-,025 


5.0 


.005 


.005 


.005 


,001 


-.007 


-,oi4 


-.018 


5-2 


.035 


.030 


.017 


,000 


-,016 


-,026 


-.030 


5.2 


,032 


.028 


.016 


,000 


-,016 


-.026 


-,030 


5.^ 


.017 


.013 


.005 


-,001 


-,001 


.002 


,oo4 


5.4 


,015 


,012 


.005 


-.001 


.,oo4 


-.003 


-.002 


5.6 


-.023 


-.020 


-.013 


,000 


.015 


.026 


.030 


5.fi 


-.021 


-,019 


-.012 


.000 


,012 


.023 


.026 


5.8 


-.023 


-.025 


-.013 


.001 


.010 


.014 


,015 


5.8 


-.026 


-,022 


-,012 


.001 


.011 


,017 


,019 


6.0 


.004 


.oo4 


,oo4 


.000 


-.007 


-.015 


-.018 


6.0 


,oo4 


.004 


,oo4 


.001 


-,005 


-.011 


-.013 


6.2 


.030 


,026 


.015 


,000 


-.014 


-.023 


-,026 


6.2 


,027 


.023 


.013 


,000 


-.013 
-,oo4 


-.022 


-.026 


6.)f 


.oi4 


.011 


.005 


-.001 


-.002 


,000 


,001 


6,4 


.013 


.010 


.005 


-,001 


-.Q04 


-.oo4 


e.e 


-.013 


-.017 


-.011 


.000 


,012 


,022 


.025 


&.G 


-.016 


-.016 


-.010 


.000 


,010 


.019 


.022 


6.8 


-.025 


-.021 


-.011 


,000 


,oog 


.014 


.015 


6.6 


-,023 


-.013 


-,010 


,001 


.010 


.015 


.017 


7.0 


.003 

,026 


.004 


.003 


.000 


-.006 


-.012 


-,oi4 


7.0 


,003 


.003 


.003 


,001 


-,oo4 


-,008 


-,010 


T-2 


.022 


,on 
,oo4 


,000 


-,012 


-.020 


-.023 


7-2 


.023 


.020 


.012 


,000 


-.011 


-.019 
-,004 


-,022 


7-^ 


.012 


,010 


.000 


-,002 


-,001 


-,001 


7.4 


,011 


,003 
-,014 


.oo4 


-,001 


-.003 


-.004 


7.6 


-.017 


-.015 


-.009 


.000 


.010 


.018 


,021 


7.6 


-.015 


-,008 


.000 


.009 


.016 


,019 


7.S 


-.022 


-.018 


-.010 


,000 


■008 


.013 


,oi4 


7.8 


-.020 


-,017 


-,009 


.000 


,003 


.Q14 


.015 



6.0 .003 .003 .003 .001 -,005 -.010 



.012 



8,0 .003 ,003 



.002 



.000 



.003 -.007 



,008 
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9.2.2 Tangential Doublets (cont.) 



Pa 


= 1-0 




pb= 


3'0, 


G 


;l=l- 


S54 


Pa 


= 1-0 




Pb = 


3-5, 


Gi =0-991 


c/X 


0" 


30" 


60° 


90° 


120° 


150° 


180° 


cjX 


0° 


30° 


60° 


90° 


120== 


150° 


180° 


.0 


1.000 


.718 


.337 


.204 


.109 
.104 


-.012 


-.065 


.0 


1.000 


.66; 

.618 


.280 


.1^2 
.1% 


.019 


-.099 


-.138 


.1 


-935 


.^71 


.319 


. 198 


-.016 


-.063 


, 1 


.930 


.262 


.015 


-.100 


-.138 


.2 


■ 75fi 


.542 


.269 


1& 


.092 


-.027 

-.044 


-.07? 
-.094 


.2 


■ 737 


.484 


jU 


.126 


,003 

-.014 


-.104 


-.138 


■:? 


.503 


.360 


.198 


.156 


.07! 


-.1 


.464 


.257 


.098 


-,108 


-.136 


.230 


.164 


.120 


.123 


.043 


-.065 


-.110 


.171 


.09- 


.070 


.063 


-.034 


-,!10 


-.130 


,5 


-.008 


-,oo4 


.052 


.086 


.012 


-.085 


-.123 


_5 


-.080 


-.071 


.007 


.027 
-.006 


-,054 


-.108 


-.117 


.6 


-.170 


-.116 


.004 


.050 


-.020 


-.09? 

-.104 


-.126 


.6 


-.246 


-.177 


-.036 


-.070 


-.098 


-.096 


-.1 


-.236 


-.160 


-.021 


.017 


-.046 


-.121 


\l 


-.306 


-.209 


-.0^3 

-.047 
-.023 


-.032 

-.048 


-.079 


-.079 


-.066 


-.216 


-.i4i 


-.023 


-.009 


-.063 


-.095 


-.100 


-.268 


-•'^5„ 


-.076 


-.051 


-.029 


.9 


-.135 


-.081 


-.012 


..027 


-.067 


-.072 


-.065 


.9 


-.166 


-.098 


-.054 


-.062 


-.016 


,011 


1 .0 


-.033 


-.008 


.003 
.014 


-.036 


-.057 


-.037 


-.021 


1.0 


-.o4o 


-.009 


-.005 


-.050 


-.039 


.020 


.050 


1.1 


.050 


-.035 


-.036 


.003 


.025 


1 .1 


.o6( 


.061 


.012 


-.033 


-,011 


.052 


.oGo 


1 .2 


.102 


.078 


.OlS 


-.028 


-.009 


.o4o 


.063 


1 .2 


.:2'5 


.096 


.019 
.014 


-.023 


,017 
.038 

.043 


.073 


.094 


\:l 


.101 


.070 


.008 


-.017 


,018 


.067 


.086 


u 


.130 


.090 


-.006 


.079 


.091 


.063 


.036 


-.006 


-.005 


.037 


.076 


,089 


.087 


.053 


.002 


.008 


.067 


.069 


, g 


.006 


-.007 


-.018 


.006 


.044 


.065 


.07a 


1-5 


.021 


.003 


-.011 


.017 


.044 


.o4i 


.034 


1 'fi 


-.0411 


-.043 

-.0^3 

-.0^9 


-.025 


.012 


.038 


.039 


.035 


1.6 


-.a4o 


-,o4o 


-.019 


.020 


.029 


.007 


-.007 


1:^ 


-.071 


-.022 


.014 


.021 


.oo4 


-.007 


1-1 


-.07/ 
-.078 


-.061 


-.019 


.017 


.008 


-.027 


-.045 


-.067 


-.011 


.012 


-.001 


-.030 


-.oU 


^.h 


-.056 


-.010 


.011 


-,0l4 


-.052 


-.066 


1.9 


'1 

-.037 


-.022 


.005 


.007 


-.021 


-.053 


-.066 


1.9 


-.049 


-.029 


.004 


.003 


-.031 


-,062 


-.073 


2,0 


.005 


.012 


.018 


.001 


-.033 

-.024 


-.060 


-.069 


2.0 


-.004 


.007 


.016 


-.004 


-.036 


-.055 


-.058 


2.2 


.060 


.050 


.024 


-.007 


-.023 
.03^ 
.ok 


-.019 


2.2 


.060 


.050 


.021 


-.010 


-.016 


-.001 


.008 


2.!| 


.027 
-.038 
-.046 


.017 


-.001 


-.006 


.011 


.045 


2.4 


.033 


.020 


-.003 


.oo4 


.019 


.o47 


.058 

.041 


2.6 


-.036 


-.024 


.001 


.028 


.051 


2.6 


-.036 
-.048 


-.034 


-,022 


.028 


.039 


2.8 


-.037 


-.015 


.005 


,010 


.003 


-.001 


2.8 


-.037 


-.013 


,006 


.003 


-.011 


-,019 


3-0 


.008 


.010 


.012 


.002 


-.019 


-.038 


-.046 


3.0 


.005 


.010 


.013 


.001 


-.023 


-.043 


-.051 


3-2 


.0!l6 


.o4o 


.022 


-.002 


-.021 


-.030 


-.032 


3.2 


.047 


.o4o 


,021 


-.003 


-.019 


-.022 


-.021 


3.^ 


.020 


.oi4 


.003 


-.003 


.003 


.oi4 


.013 


3.4 


.022 


.015 


.001 


-.003 


.008 


.023 


.030 


3.6 


-.030 


-.028 


-.018 


.000 


.021 


.036 


.042 


3.6 


-.030 


-.028 


-.019 


.001 


.022 


.036 


.041 


3.8 


-.036 


-.030 


-.014 


.002 


.011 


.012 


,011 


3.8 


-.038 


-.030 


-.0)3 


.003 


.008 


.004 


.001 


k.o 


.006 


.007 


.008 


.002 


-.012 


-.025 


-.030 


4.0 


,006 


.008 


.009 


.001 


-.015 


-.030 


-.036 


\.2 


.037 


.032 


.018 


-.001 


-.018 


-.027 


-.030 


4.2 


.038 


.033 


.018 


-.001 


-.017 


-.024 


-.026 


!t.l| 


.017 


.013 


.oo4 


-.002 


,000 


.005 


.008 


4.4 


.018 


.013 


.003 


-.002 


.003 


.011 


.016 


if.6 


-.024 


-.022 


-.014 


.000 


.016 


.028 


.033 

.014 


4.6 


-.025 


-.023 


-.015 


.000 


.017 


.030 


,034 


H.8 


-.030 


-.025 


-.012 


.001 


.010 


.oi4 


4.8 


-.031 


-.026 


-.012 


.002 


■ OO9 


.009 


.008 


5.0 


.005 


.005 


.006 


.001 


-.008 


-.017 


-.021 


5.0 


.005 


.006 


.007 


,001 


-.010 


-.021 


-.026 


5.2 


.030 


.026 


.oo4 


.000 


-.015 


-.024 


-.027 


5-2 


.032 


.028 


.015 


-.001 


-.015 


-.023 


-.025 


5.^ 


.014 


.on 


-.001 


-.002 


.001 


.002 


5.^ 


.015 


.011 


.003 


-.001 


.000 


.005 


.008 


5.6 


-.020 


-.018 


-.012 


.000 


.013 


.023 
.014 


.026 


5.6 


-.021 


-.019 


-.012 


.000 


.oi4 


.024 


.028 


5.8 


-.025 


-.021 


-.011 


.001 


.009 


.015 


5.8 


-.026 


-.022 


-.011 


.001 


,008 


.011 


.011 


6.0 


.004 


.OO'f 


.004 


.001 


-.006 


-.013 


-.015 


6.0 


.004 


.005 
,024 


.005 


.001 


-.008 


-.016 


-.019 


6.2 


.026 


.022 


.013 
.004 


.000 


-.012 


-.021 


-.023 


6.2 


.027 


.013 


.000 


-.013 


-.020 


-.023 

.004 


6.1I 


.012 


.009 


-.001 


-.002 


-.001 


.000 


6.4 


.013 

-.018 


.010 


,003 


-.001 


-.001 


.002 


6.6 


-.017 


-.015 


-.010 


.000 


.010 


.019 


.022 


6.6 


-.016 


-.010 


.000 


.011 


.020 


.024 


6.8 


-.022 


-.018 


-.010 


.001 


.008 


.013 


.oi4 


6.8 


-.023 


-.019 


-.010 


.001 


.008 


.011 


.011 


7.0 


.003 


.oo4 


.003 


.001 


-.005 


-.010 


-.012 


7.0 


.003 

.024 


.oo4 


.004 


.001 


-.006 


-.012 


-.015 


7.2 


.022 


.019 


.011 


,000 


-.011 


-.018 


-.021 


7.2 


.020 


.012 


.000 


-.011 


-.018 


-.020 


7-l| 


.010 


.008 


.oo4 


-.001 


-.002 


-.002 


-.001 


7.^ 


.011 


.009 
-.014 


.003 


-.001 


-.001 


.000 


.002 


7.6 


..015 


-.013 


-.008 


.000 


.009 


.016 


.019 


7.6 


-,016 


-.009 


.000 


.010 


.017 


.020 


7.6 


-.019 


-.016 


-.008 


.001 


.008 


.012 


.013 


7.8 


-.020 


-.017 


-.009 


.001 


.007 


.010 


.011 



a.o ,003 .003 .003 



.001 



.oo4 -.008 -.010 



8.0 .003 .003 .003 



.001 



.005 -.010 -.013 
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9.2.2 Tangential Doublets (cont.) 



c/X 0° 30° 



.0 

.1 


1.000 

■ 939 


■M 


■325 . 


.208 

.20l| 


.2 


■770 


.■561 


.280 


.191 


-.1 




.388 


.216 


.17) 


.268 


.200 


;iw 


.150 



.5 -037 

-.124 



.036 .081 

.g -,iz'k -.078 .033 

,7 -.199 -.128 .004 

,8 -.191 -.121 -.006 

.9 -.125 -.0711 -.ooif 



^b = 2-75, Gi=2-I01 

60° 90' 120° 150° 180° 



.13!! .021 -.035 

.131 .017 -.039 

.122 .007 -.050 

.105 -.on -.065 

.081 -.032 -.083 



.119 .051 -.05i( -.100 

.084 .018 -.073 -.110 

,oii8 -.oiit -.085 -.log 

.016 -.oto -.084 -.095 

-.011 -.054 ..069 -.068 



^a = l'25, 

c/A 0° 30° 

.0 1.00b .S99 

.1 .936 .654 

.2 .758 .529 

■3 .506 .35-^ 

-.4 .233 -161 



/3fe = 3-25, C?i=l'564 

60° 90° 120° 150° 180° 



.322 .192 

.305 -187 

.258 .169 

.191 . 1 te 

.117 .108 



.072 
.068 
.056 
.038 
.015 



.057 -.107 

.059 -.108 

.064 -.110 

.072 -.112 

.079 -.111 



.9 - 



.007 -.005 .051 .0(0 -.010 -.oeii -.105 

.173 -.118 .001 .033 -.03!; -.062 -.092 

.245 --T^k -.026 -.001 -.052 -,073 ..070 

.229 -.1^9 -.033 -.027 -.062 -.055 -.Qlll 

,151 ..093 -.026 -.oif3 ..060 -.029 -.007 



1.0 


-.037 

,042 


-.013 


.003 


-.030 


-.0^5 
-.043 


-.043 


-.030 


1.0 


-.046 


-.02- 


-.012 


-.049 


-.047 


.001 


.028 


1.1 


.038 


.008 


-.038 


-.009 


.012 


1.1 


,044 


.o4o 


.001 


-.045 


-.027 


.030 


.057 


1.2 


.086 


.06k 


.007 


-.036 


-.021 


.025 


.049 


1.2 


.096 


.073 


.007 


-.033 
-.018 


-.002 


.052 


.075 


u 


.089 


.060 


.000 


-.027 

-.014 


.003 

.024 


.052 


■073 


u 


• 107 


.072 


.005 


.019 

.034 


,062 


.077 


.057 


.032 


-.010 


.064 


.079 


,075 


,046 


-.001 


-.002 


,058 


,063 


^•5 


.009 


-.ooli 


-.018 


.000 


.036 


.059 


.065 


1.5 


.023 

-.028 


.007 
-.028 


-.009 


.on 


■037 


.o4o 


,036 


1.6 


Z'.oE 


-.048 


-.021 


.010 


.035 


.039 


.036 


1 .6 


-.013 


.019 


.030 


.014 


.002 


V.l 


.!oo6 


.016 


.024 


.009 


-.001 


\:^ 


-.060 


-.047 


-.011 


.020 


.014 


-.015 


..031 


.!o58 


-.Oitl 


.017 


.006 


-.022 


-.035 


-.063 


-.044 


-.oo4 


.016 


-.oo4 


-,036 


-.054 


1.9 


-.032 


-.018 


.007 


.012 


-.013 


-,o44 


-.058 


1.9 


-.o4i 


-.024 


.005 


.009 


-.020 


-.050 


-.061 


2.0 


.003 


.011 


.016 


.005 
-.008 


-.026 


..052 


..062 


2.0 


..006 


.oo4 


.oi4 


.000 


-.028 


-.047 


-.052 


2.2 


.051 


.oi(3 

.014 


.020 


-.023 


-.023 


-.020 


2.2 


.o4t 


.039 


.015 


-.011 


-.017 


-.006 


.002 


2.!| 


.023 


-.004 


-.009 


.007 


.029 


.038 

.047 


2.4 


.027 

-.028 


,016 


-.004 


-.008 


.012 


■ 037 


.047 


2.6. 


-.033 


-.031 


-.021 


.000 


.025 


.o4i 


2.6 


-.027 


-.018 


,002 


.024 


.034 


.036 


2.8 


-.039 


..031 


-.011 


.006 


.011 


.005 


.001 


2.8 


-.038 


-.029 


-.009 


.007 


.005 


-.007 


-.014 


3.0 


.008 


.010 


.013 


.004 


-,015 


..034 


■-.o4i 


3.0 


.005 


.009 


.012 


.003 


-.017 


-.036 


-.043 


3.2 


.ok) 


.035 


.019 


-.002 


-.019 


-.028 


-.030 


3.2 


.038 


,032 


.016 


-,003 

-.004 


-.017 


-.020 


-.020 


3.1* 


.017 


,011 


.001 


-,oo4 


,001 


.011 


.016 


3.4 


,017 


.011 


-.001 


.005 


.018 


.024 


3-^ 


-.027 


-.025 


-.017 


-.001 


.018 


■033 


.038 


3-6 


-.025 


-.024 


-.016 


.000 


.018 


.031 


.035 


3.8 


-.032 


-.026 


-.012 


.003 


.011 


.012 


.011 


3.8 


-.030 


-.024 


-.010 


.003 


.006 


.005 


.002 


\.o 


.006 


.008 


.008 


.003 


-.010 


-,022 


-.027 
-.028 


4.0 


.005 


.007 


.009 


,002 


-.012 


-.025 


-,030 


1|.2 


.014 


.029 


.016 


-.001 


-,016 


-.02F 
.004 


4.2 


.032 


,027 


.015 


-.001 


-.015 


-.021 


-,023 


\.k 


.010 


.002 


..003 


-.001 


.006 


4.4 


.oi4 


.010 


.001 


-.003 


.001 


.009 


.012 


ii.e 


-.022 


-.020 


-.013 


-.001 


,oi4 


.026 


.030 


4.6 


-.021 


-.020 


-.013 


.000 


.014 


.025 


.029 


i|.8 


-.026 


-.022 


-.on 


.002 


.010 


.013 


.oili 


4.8 


-.026 


-.021 


-.010 


.002 


,00a 


.009 


.008 


5.0 


.005 
.028 


.006 


.006 


.002 


-.007 


-,0f5 


-.019 


5.0 


.005 


.006 


.006 


,002 


-,co8 


-.018 


-,022 


5.2 


.024, 


.014 


.000 


-.013 


-,022 


-.025 


5.2 


.027 


.023 


.013 


-.001 


-.013 


-.020 


-.022 


5.4 


.012 


.009 


.003 


-.002 


-.002 


.000 


.002 


5.^ 


.012 


.009 


.002 


-.002 


,000 


.004 


.006 


5.6 


-.019 


-.017 


-.011 


-.001 


.011 


.021 


.024 


5.6 


-.018 


-.016 


-.Ol 1 


.000 


.012 


.021 


.024 


5.8 


-.022 


-.019 


-.010 


.001 


.009 


.013 


.014 


5.8 


-.022 


-.o-,8 


-.009 


.001 


.008 


,010 


.010 


6.0 


.ooii 


.004 


.004 


,001 


-.005 


-.011 


-.oi4 


6.0 


.004 


.005 


.005 


.001 


-.006 


-.013 


-.016 


6.2 


.023 


.020 


.012 


.000 


-.011 


-.019 


-.022 


6.2 


■ 023 


-.020 


.011 


.000 


-.o'n 


-,018 


-.020 


6.\ 


.010 


.008 


.003 


-.001 


-.002 


-.001 


-.001 


6.4 


.010 


.008 


.003 


-.001 


-.001 


,001 


.003 


6.6 


-.016 


-.014 


-.009 


.000 


.009 


.017 


,020 


6.6 


-.016 


-.oi4 


-,009 


.000 


.010 


,017 


.020 


6.8 


-.019 


-.016 


-.008 


.001 


.008 


,012 


,013 


6,8 


-,019 


-.016 


-.008 


.001 


.007 


.010 


.010 


7-0 


.003 


.004 


,003 


.001 


-.004 


-,009 


-,011 


7.0 


.003 


.oo4 


.oo4 


.001 


-.005 


-.010 


-.013 
-.018 


7.2 


.020 


.018 


.010 


.000 


-.010 


-.017 


-.019 


7-2 


.020 


.017 


.010 


.000 


-.010 


-.016 


T-^ 


.009 


.007 


.003 
-.008 


-.001 


-.002 


-.002 


-.002 


7-^ 


.009 
-.014 


.007 


003 
-.008 


-.001 


-.00! 


,000 


.001 


7.6 


-.014 


-.012 


,000 


.008 


.015 


.017 


7.6 


-.012 


.000 


.008 


.015 


.017 


7.8 


..017 


-.014 


-.008 


.001 


.007 


.011 


.012 


7.6 


-.017 


-.01 4 


-.007 


.001 


.007 


,009 


.010 


8.0 


.003 


.003 


.003 


.001 


-.003 


-.007 


-.oog' 


6.0 


.003 


.003 


.003 


.00; 


-.003 


-.008 


-.010 
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9.2.2 Tangential Doublets (cont.) 



fia 


= 1-25, 


lib = 


3-75, 


Gi =0-931 


cfX 


0° 


30° 


60° 


90° 


120° 


150° 


180° 


,0 


1.000 


.638 


.2hk 


,110 


-.019 


-.092 


-,103 


.1 


.930 


■Ml 


,227 


.104 


-.022 


-,091 


-,101 


,2 


■M 


,182 


,086 


-.030 
-.043 


-,090 


-.096 


-.1 


'.083 


.118 


.059 


-.087 


-.087 


.^6-| 


.049 


,027 


-.057 


-.081 


-.073 


•5 


-.087 


-.082 


-.010 


-,007 


-.069 


-.070 


-.053 


■ 6 


-.256 


-.186 


-.050 


-.036 


-.077 

-.078 

-.069 


-.054 


-.028 


:l 


-317 


-.217 


-.065 


-.058 


-.032 


.000 


-.£&) 


-.182 


-.060 


-.069 


-.006 


.030 


.9 


-.175 


-.10l( 


-.039 


-.069 


-.052 


.020 


,057 


1.0 


..oli6 


-.013 


-.015 


-.059 
-.o42 


-.028 


.044 


,07] 
,0% 


1.1 


.067 


.062 


.006 


-.002 


.061 


1.2 


.133 


,100 


.017 


-.021 


,021 


.067 


.080 


]:l 


.lil2 


:^? 


.017 


-.001 


.043 


.059 

.040 


.061 


.102 


,010 


.015 


.032 


^•1 


.036 


.015 


-.001 


,025 


.037 


.013 


-.003 


1.6 


-.030 


-.031 


-.009 


,027 


,022 


-.015 


-.035 


\:l 


-.073 
-.081 


-.057 


-.011 


,022 


.003 


-.039 


..05S 


..057 
-.036 


-.007 


.013 


-,oi6 


-.052 


-.066 


1.9 


-.059 


.001 


,002 


-,028 


-.051 


-.057 


2.0 


-.017 


-.004 


.010 


-.007 
-.014 


.,031 


-.036 


-.034 


2.2 


.052 


.0!42 


.013 


-.010 


.oi4 


.026 


2.1) 


.037 


,022 


-.003 


-.006 


.019 


.045 


.054 


2.6 


-.025 


-.025 


-.016 


.006 


.023 


.025 


.023 


2.8 


-.OI13 


-.032 


-.007 


.008 


,000 


-.020 


-.030 


3.0 


.001 


.006 


.012 


,001 


-,021 


-.038 


-.044 


3-? 


.039 


.033 


.015 


-.005 


-.014 


-.011 


-.007 

.034 


3-i 


.020 


.013 
-.024 


-.002 


-.005 


.009 


.027 


^■i 


-.025 


..016 


,001 


.019 


.030 


.032 


3-8 


-.033 


-.026 


-.oog 


.004 


.005 


-.003 


-.008 


li.o 


.004 


.007 
.028 


.009 


.002 


-.015 


-.029 


-.035 


1|.2 


.033 


,015 


-.002 


-.014 


-.018 


-.016 


i.!) 


.015 


.010 


.001 


-.003 


.004 


.015 


.020 


\.6 


-.022 


-.021 


-.oi4 


.000 


.016 


.026 


.030 


li.S 


-.027 


-.022 


-.009 


.002 


.006 


.oo4 


.002 


5.0 
5-? 


.005 
.028 


.006 
.024 


.007 
,013 


.001 
-.001 


-.010 

-.013 


-.022 

-.018 


-.026 

-.020 


5.^ 


.013 


.009 


.002 


-.002 


.002 


.008 


.012 


H 


-.019 


-.018 


-.012 


.000 


.013 


.022 


.026 


5.8 


-.023 


-.019 


-.009 


,002 


.007 


.007 


.006 


6.0 


.00!l 


.005 


.005 


.001 


-.008 


-.017 


-.020 


6.2 


,025 


,021 


.012 


-.001 


-.on 


-.017 


-.019 


6. It 


.011 


.008 


.002 


-.001 


.000 


,005 


.007 


6.6 


-.017 


-.015 


-.010 


,000 


.011 


,019 


.022 


6.8 


-.021 


-.017 


-.008 


.001 


.007 


.008 


.008 


7.0 


.OOil 


,oo4 


,oo4 


.001 


-.006 


-,013 


-.016 


7-? 


.022 


.019 


.010 


.000 


-.010 


-,oi6 


-.018 


7-'' 


,010 


.007 


.002 


-.001 


.000 


,002 


.004 


^^ 


-.015 
-.018 


-.013 


-,009 


.000 


,009 


.016 


.019 


7.8 


-.015 


-,007 


.001 


.006 


.008 


.006 


8.0 


.003 


.004 


.004 


.001 


..005 


-.011 


-.013 



j3a = l-5, /9A = 30, Ci = 2-186 

c/A 0° 30° 60° 90° 120° 150° 180° 



.0 


1,000 


.708 

.666 


,329 
.314 


.207 


.105 


-.028 


-.086 


.1 


.940 


.203 


.102 


-.030 


-.087 


,2 


.77^ 


:l^ 


■^73 


■'^ 


.092 


-.036 
-.045 


-.0^0 


-.1 


■ 537 


.213 


.168 


.075 


-.093 


.279 


.203 


,i46 


.139 


.052 


-.055 


-.095 


■5 


.048 


,o43 


.083 
.034 


.104 


.025 

-.004 


-.063 


-.093 

-.084 


.6 


-.116 


-,071 


.066 


-.067 


:l 


-iiji 


.,124 


.001 


.028 


-.029 


-.064 


-.068 


-.122 


-.013 


-,006 


-.047 


-.053 
..034 


-.044 


■9 


-■133 


-,080 


-.015 


-.031 


-.055 


-.014 


1,0 


-.046 


-.022 


-.010 


-,o46 


-.051 


-.009 


.017 


I.I 


.034 


.030 


'.OQ-} 


-.0^9 


-.037 


.016 


.044 


1.2 


083 


.059 


-.002 


-.042 


-.016 


.038 


.063 


]:l 


.092 


.061 


-.003 


-.028 


.005 


.050 


.067 


.067 


-039 


-.007 


-.011 


.023 


.050 


.058 


'■5 


.022 


.006 


-.010 


,006 


.031 


■ 038 


.036 


1.6 


-.023 


-.023 


-.010 


.0)8 


.030 


.016 


.006 


1':^ 


-,051 


-.039 


-,007 


.023 


.019 
.004 


-.008 


-.023 


..055 


-,038 


.000 


.021 


-.029 


-.045 


1.9 


-.037 


-.021 


.008 


.oi4 


-.012 


-.041 


-.053 


2.0 


-.037 


.QOS 


.oi4 


.QQ'>i 


-.022 


-.04; 


-.046 


2.2 


.o4o 


.033 


.012 


-.011 


-.018 


-.006 


-.001 


2.I1 


.024 


.013 


-,006 


-.011 


,007 


.030 


.o4o 


2,6 


-.023 


-.023 


-.016 


.001 


.020 


,030 


■033 


2.8 


..032 


-.024 


-.006 


.008 


.QO7 


-.oo4 


-.on 


3.0 


.oo4 


.008 


.012 


.005 


-.013 


-.031 


-.037 
-.018 


3-2 


.032 


.027 


.oi4 


-.003 


..015 


-.018 


3'^. 


.014 


.009 


-.002 


-.006 


.002 


.015 


.021 


3'l 


-.022 


-.020 


-.014 


-.001 


.015 


.027 


.031 


3.8 


-.026 


-.020 


-.008 


.004 


.008 


.005 


.003 


4.0 


.005 


.007 


.008 


.003 


-.009 


-.022 


-.027 


4.2 


.027 


.023 


.013 


-.001 


-.013 


-.019 


-.021 


4.4 


.on 


.008 


.000 


-.003 


,000 


.007 


.011 


4.6 


-.019 


-.017 

-.018 


-.012 


-,001 


.012 


.022 


.026 


4.8 


-.022 


-.008 


.002 


.008 


.008 


.008 


5-0 


.005 


.006 


.006 


.002 


-.007 


-.016 


-.019 


5-? 


.023 


.020 


.011 


-.001 


-.011 


-.018 


-.020 


5-J 


,010 


.007 


.001 


-,002 


-.001 


.003 


.005 


^■i 


-,016 


-.015 


-.010 


-,001 


.010 


.019 


.022 


5.8 


-.019 


-.o?6 


-.007 


.001 


.007 


.009 


.009 


6.0 


.004 


.005 


.005 


.002 


-,005 


-.012 


-.014 


6.2 


.020 


.018 


.010 


.000 


-.010 


-.016 


-.018 


6.4 


.009 
-.014 


.006 


.002 


-.002 


-,001 


.001 


.002 


6.6 


-,on 

-.014 


-.008 


-.001 


,008 


.016 


.018 


6.8 


-.017 


-.007 


.001 


.007 


.009 


.009 


7.0 


.003 


.004 


.004 


.001 


-,oo4 


-.009 


-.011 


^■? 


.018 


.015 


.009 


.000 


-,009 


-.014 


-.016 


7.^ 


.008 


.006 


.002 


-,001 


-,002 


.000 


.001 


^■i 


-.012 


-.011 


-.007 


.000 


.007 
.006 


:^ 


.015 


7.8 


-.015 


-,012 


-.006 


.001 


.009 


8.0 


.003 


.003 


.003 


.001 


-,003 


-.007 


-.009 
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9.2.2 Tangential Doublets {cont.) 



j3a = 1 • 5, 
c/X 0° 30° 



/3i=3'5, Gi = l-661 

60° 90° 120" 150° 180° 



.0 


1.000 


.il\ 


.290 


.156 


.030 


-.065 


-.050 


,1 


.937 


.631 


■275 


.150 


,026 


-.065 


-.089 


.2 


,761 


.511 


.232 


.133 


.017 


-.066 


-.□86 


:l 


.512 


.340 


.170 


.106 


.002 


-.067 


-.oSo 


.£4l 


.156 


.101 


,073 


-.016 


-.066 


-.070 


5 


.001 


-,oog 


,039 


.037 


-.035 


-.061 


-.05S 


.6 


-.166 


-.115 


-.008 


.00! 


-.052 


-.052 


-.037 


-.1 


-.2!t2 


-.161 


-.035 

-.042 


-.029 


-.062 


-.038 


-.013 


-.230 


-.148 


-.050 


-.064 


-.019 


.012 


3 


-.154 


-.054 


-.035 


-.061 


-,057 


.003 


.036 


1.0 


-.0S2 


-.024 


-.020 


-.060 


-.o4i 


.024 


.056 


1,1 


.o4i 


.038 


-.006 


-.050 


-.020 


.oHl 


.067 


1.2 


.099 


.073 


.oo4 


-.032 


.003 


.050 
.049 


.067 


\-\ 


• iia 


.076 


.007 


-.012 


.021 


.055 


.084 


.052 


.005 


.006 


.032 


.037 


.033 


1-5 


.032 


.015 


.000 


,020 


.034 


.018 


.005 


1.6 


-.020 


-.021 


-.004 


.026 


.025 


-.005 


-.023 


;:^ 


-.056 


-.0^3 


-.005 


.025 


.on 


-.026 


-,065 


-.045 


-.002 


.018 


-.005 


-.039 


-.048 


1.9 


-.01)8 


-.029 


.oo4 


.006 


-.018 


-.o4i 


2.0 


-.016 


-.005 


.008 


-.003 


-.024 


-.032 


-.032 


2.2 


.o4o 


.032 


.008 


-,015 


-.013 


.007 


.018 


£.1} 


.030 


.018 


-.005 


-.009 


.011 


.035 


.014 


2.6 


-.018 


-.019 


-.on 

-.oo4 


.<Xt\ 


.019 


.022 


.021 


2.8 


-.034 


-.025 


.009 


.003 


-.014 


-.022 


3-0 


.000 


.005 


.010 


.003 


-.015 


-.031 


-.036 


^•? 


.030 


.025 


.012 


-.005 


-.013 


-.on 


-.008 


3.4 


.016 


.010 


-.003 


-.006 


.005 


.020 


.027 


^•^ 


-.019 


-.019 


-.013 


.000 


.015 


.024 


.027 


3.8 


-.025 


-.020 


-.006 


.005 


.005 


-.001 


-.005 


!J,0 


.004 


.006 


.008 


.003 


-.011 


-.024 


-.028 


!(.2 


.026 


.022 


.012 


-.002 


-.012 


-.015 


-.015 


!|.1( 


.012 


.008 


.000 


-.003 


.002 


.011 


.016 


l|.6 


-.018 


-.017 


-.011 


.000 


.013 


.022 


.025 


\.Q 


-.021 


-.017 


-.007 


.003 


.006 


.004 


.002 


5.0 


.oo4 


.005 


.006 


.002 


-.008 


-.018 


-.021 


5'? 


.023 


.020 


.011 


- . 00 i 


-.011 


-.015 


-.017 


5.4 


.010 


.007 


.001 


-.002 


.001 


.006 


.009 


5.6 


-.016 


-.015 


-.010 


-.001 


.010 


.019 


.021 


5.8 


-.019 


-.015 


-.007 


.002 


.006 


.006 


.006 


6.0 


.oo4 


.005 


.005 


,001 


-.006 


-.013 

-.014 


-.016 


6.2 


.020 


.017 


.010 


-.001 


-.009 


-.016 


6.4 


.009 


.006 


.001 


-.002 


.000 


.003 


.005 


6.6 


-.014 


-.013 
-.014 


-.008 


.000 


.009 


.016 


.016 


6.8 


-.016 


-.006 


.001 


.006 


.007 


.007 


7.0 


.003 


.00!| 


.004 


.001 


-.005 


-.on 


-.013 


7.2 


.018 


.015 


.009 


.000 


-.008 


-.013 


-.015 


7.4 


.008 


.006 


.002 


-.001 


-.001 


.002 


.003 


7.6 


-.012' 


-.011 


-.007 


.000 


.008 


.oii 


.016 


7.8 


-.015 


-.012 


-.006 


.001 


.005 


.007 


.007 



8.0 .003 .003 ,003 .001 -.004 -.009 -.011 



i3. 


= 1-5 


? 


i3^ = 


4-0, 


Ci = l- 


007 


c/A 


0"= 


30° 


60° 


90° 


120° 


150° 


180° 


.0 


1.000 


.607 


,19s 


.050 
.045 


-.057 


-.061 


-.037( 


.1 


.933 


.561 
.436 


.;e3 


-.064 


-.060 


-.035' 


.2 


:ig 


.143 


.029 


-.057 


-.029 


■I 


.260 


.086 


.006 


-.072 


-.051 


-.019 


.172 


.074 


.025 


-.021 


..079 


-.o42 


-.005 


.5 


-.082 


-.08!i 


-.027 


-.047 


-.084 


-.030 


.012 


.6 


-.25' 


-.163 


-.061 


-.069 


-.084 


-.0)4 


.030 
.049 
.064 


■I 


-.315 


-.212 


-073 
-.065 


-.082 


-.077 


.oo4 


-.260 


-■17/ 


-.085 


-.062 


,023 


■ 3 


-.176 


-.100 


-.043 


-.077 


-.042 


.039 


.074 


1.0 


-.046 


-.010 


-.016 


-.059 


-.017 


.051 


.076 


1 .1 


.068 


.064 


.007 


-.036 


.007 


.055 


.068 


1.2 


.108 


.103 


.020 


-.011 


.027 


.050 


.05c 


\■^ 


.102 


.023 


.011 


, -039 


.036 


.02^ 
-.004 


,o6g 


.017 


.027 


.O'tl 


.015 


1.5 


,o4i 


.019 


.007 


.035 


.034 


-.008 


-.031 


1.6 


-.027 
-.074 

-.087 


-.028 


-.003 


.033 


.018 


- , 028 


-.050 


\-i 


-.057 


-.008 


.025 


.000 


-,G42 


-.058 


-,061 


-.008 


.012 


-.016 


-,o44 


-.053 


1.9 


-.067 


-.042 


-.003 


-.002 


-.026 


-.036 


-.035 


2.0 


-.026 


-.011 


.003 


-.0)2 


-.021 

-.008 


-.019 


-.010 


2.2 


.0!|8 


.038 


,007 


-.018 


.023 

.038 


.037 

.044 


2.4 


.042 


.026 


-.002 


-.005 


.017 


2.6 


-.017 


-.018 


-.010 


.009 


.019 


.012 


.006 


2.6 


-.o4i 


-.030 


-.oo4 


.010 


-.002 


-.024 


-.035 


3.0 


-.006 


.001 


.009 


.001 


-.018 


-.031 


-.034 


3.2 


.032 


.027 


.010 


-.007 


-.011 


-.002 


.004 


3.4 


,021 


.013 
-.016 


-.003 


-.006 


.009 


.027 


.034 


3.6 


-.018 


-.012 


.002 


.016 


.022 


.022 


3.8 


-.029 


-.022 


-.006 


.006 


.003 


-.009 


-.015 


4.0 


.001 


.005 


.009 


.002 


-.013 


-.026 


-.031 


4.2 


.027 


.023 


.011 


-.003 
-.ooTJ 


-,011 


-.011 


-.009 


4,4 


.Olli 


.009 


-.001 


.005 

.OM 


.017 


.022 


4.6 


-.018 


-.017 

-,oi6 


-.012 


.000 


.022 


.024 


4.8 


-.023 


-.007 


.003 


.00 4 


-.001 


-.oo4 


5.0 


.003 


.005 


.007 


.002 


-.010 


-.021 


-,02s 

-,oi4 


5-2 


.024 


,021 


.011 


-.002 


-.011 


-.013 


5-^. 


.011 


.007 


.000 


-.003 


.C03 


.011 


.014 


5.6 


-.017 


-.015 


-.010 


.000 


.012 


.020 


.022 


5.8 


-.020 


-.016 


-.007 


.002 


.005 


,003 


.002 


6.0 


.oo4 


.005 


.006 


.001 


-.008 


-.016 


-.020 


6.2 


.022 


.019 


.010 


-.001 


-.010 


-.oi4 


-.015 


6.4 


.009 


.007 


.001 


-.002 


.001 


.007 


.009 


(=.S 


-,015 


-.oi4 


-.009 


.000 


.010 


.017 


,020 


6.6 


-.018 


-.015 


-.006 


.001 


.005 


.005 


.004 


7.0 


.003 


.oo4 


.005 


.001 


-.ooS 


-.013 


-.016 


^•? 


.019 


.017 


.009 


-.001 


-.G09 


-.on 
.oo4 


-.0i4 


7.4 


.008 


.006 


.001 


-.001 


.000 


.006 


7.6 


-.013 


-.012 


-.008 


.000 


,oo3 


.015 


.017 


7.B 


-.016 


-.013 


-.006 


.001 


.005 


.0'36 


.006 


8.0 


.003 


,oo4 


.004 


.001 


-.005 


-.011 


-.013 
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9.2.2 Tangential Doublets (conf.) 



lia 


= 1'75, 


^b= 


3-25, 


c 


;i = 2-416 


^u 


= 1-75, 


^b = 


3-75, 


G, = l- 


808 


c/A 


0° 


30° 


60° 


90° 


120° 


150° 


180° 


c/^ 


0° 


30° 


60° 


90° 


120° 


150° 


180° 


.0 


1.000 


,686 


.302 


.177 


.062 


-.01)3 
-.ott 


-.077 


.0 


1.000 


.648 


.251 


.101 


-.016 


-.050 


-.o4o 


-1 


.9^2 


.6Jt6 


.286 


.172 


.059 

.ow 
.034 


-.077 


.1 


■ 938 


.607 


.238 


.096 


-.019 


-.050 
-.ote 


-.038 


.2 


.7& 


.535 


.251 


.156 


-.01)6 


-.075 


.2 


.765 


.492 


.iq9 
.144 


.081 


-.026 


-.034 


:l 


.5M 


.377 


.196 


.135 


-.oltg 


-.071 


-.1 


■ 519 


.330 


.057 

.028 


-.036 

-.dm 


-.046 


-.026 


.293 


.205 


.134 


.105 


.oil* 


-.051 


-.063 


.251 


.154 


.082 


-.o4i 


-.015 


.5 


.065 


.050 


.075 


.070 


-.008 


-.ow 


-.052 


.5 


.013 


-.001 


.026 


-.003 


-.059 


-.033 


-.001 


.6 


-.101 


..060 


.027 
-.004 


.033 


-.030 
-.047 


-.046 


-.037 


.6 


-,156 


-.107 


-.016 


-.031 


-.067 


-.022 


.014 


i 


-.l8!t 


-.115 


-.002 


-.037 


-.017 


:l 


.,234 


-.153 


-.o4o 


-.053 


-.069 


-.009 


.030 
.045 


-.166 


-.116 


-.020 


-.031 


-.057 


-.023 


.005 


-.226 


-.142 


-.046 


-.066 


-.063 


.006 


■ 3 


-.133 


-.078 


-.023 


-.050 


-.057 


-.006 


.026 


.9 


-.155 


-.091 


-.038 


-.069 


-.050 


.021 


.055 


1.0 


-.050 


-.02ll 


-.OIS 


-.057 


-.01)8 


.012 


,044 


1.0 


-.056 


-.024 


-.022 


-.060 


-.031 


.033 


.059 


1.1 


.029 


.026 


-.010 


-.05!! 

-.olio 


-.031 


.028 


.055 


1.1 


,036 


.036 


-.C06 


-.044 


-.009 


.039 


.056 
.044 


1.2 


.079 


.056 


-.00l| 


-.010 


.038 

.040 


•°?I 


1.2 


.095 


.071 


.006 


-.022 


.012 


.039 


1:5 


.091 


.060 


-.001 


-.021 


.010 


.048 


\:l 


.110 


.075 


.011 


.000 


.027 


.031 


.025 


.069 


.01(2 


-.001 


-.001 


.025 


.033 


.030 


.084 


.053 


.011 


.018 


.035 


.018 


.002 


1-5 


.027 
-.018 


.011 


-.002 


.016 


.031 


.018 


.007 


1.5 


.035 


.017 


.006 


.030 


.033 


.000 


-.020 


1.6 


-.018 


-.002 


.026 


.028 


.000 


-.017 

-.045 


1.6 


-.018 


-.019 


.001 


• 033 


.023 


-.017 


-.045 


\-l 


-.0!t6 


-.036 


-.001 


.028 


.017 


-.018 


\:l 


-.055 


-.oil 


-.002 


.027 


.oog 


-.029 


..056 

-.OifS 


-.037 


.003 


.023 


.003 


-,030 


-.067 


-.046 


-.002 


.017 


-.006 


-.034 


-.043 


1.9 


-.02il 


.006 


.012 


-.011 


-.0311 


-.o42 


1.9 


-.052 


-.033 


.000 


.003 


-.018 


-.030 


-.031 


2.0 


-.oiit 


-.OOl) 


.009 


.000 


-.019 


-.028 


-.029 


2.0 


-.021 


-.009 


.003 


-.009 


-.022 


-.018 


-.012 


2,2 


.034 


.027 


.005 


-.016 


-.015 


.003 

.028 


.013 


£.2 


.037 


.029 


.003 

-.004 


-.019 


-.011 


.oi4 


.027 
.036 


2.4 


.027 


.015 


-.006 


-.012 


.006 


.037 


2.4 


.034 


.021 


-.008 


.010 


.029 


2.6 


-.015 


-.016 


-.011 


.003 


.017 


.020 


.019 


2.6 


-.012 


-.013 


-.008 


.007 


.016 


.012 


.007 


2.8 


-.029 


-.021 


-.002 


.011 


.005 


-.010 


-.018 


2.8 


-.033 


-.023 


-.001 


.011 


.002 


..017 


-.026 


3.0 


-.001 


.OOl) 


.010 


.0C5 


-.011 


-.026 


-.031 


3,0 


-.006 


.000 


.008 


.002 


-.013 


-.024 


-.028 


3.2 


.025 

.OH 


.021 


.009 


-,005 


-.012 


-.010 


-.008 


3.2 


.025 


.020 


.007 


-.007 


-.010 


-.003 


.002 


3-i 


.008 


-.003 


-.007 


.003 


.017 


.023 


3.^ 


.017 


.010 


-.003 


-.007 


.005 


.020 


.027 


3.6 


-.016 


-.015 


-.011 


.000 


.013 


.021 


.023 

-.004 


3.6 


-.014 


-.014 


-.010 


.001 


.013 

.004 


.016 


.019 


3-8 


-.021 


-.016 


-,00lt 


.005 


.006 


.000 


3.6 


-.022 


-.016 


-.003 


.006 


-.006 


-.011 


it.o 


.003 


.005 


.008 


.OOlf 


-.008 


-.020 


-.024 


4,0 


.001 


.oo4 


.008 


.003 


-.009 


-.021 


-.025 


\.2 


,022 


.019 


.010 


-.002 


-.010 


-.013 


-.013 


4,2 


.021 


.018 


.008 


-.003 
-.oo4 


-.009 


-.009 


-.008 


!i.l| 


,OIQ 


.006 


-.001 


-.004 


.001 


.009 


.013 


4,4 


,011 


.007 


-.002 


.003 


.013 


.017 


l<.6 


-.015 


-.0|!t 


-.010 


-.001 


.010 


.019 


.021 


4,6 


-.014 


-.013 
-.oi4 


-.009 


.000 


.011 


.018 


.020 


!).8 


-.018 


-.oii 


-.005 


.003 


.006 


.004 


.002 


4,8 


..018 


-.005 


.003 


.oq4 


.000 


-.003 


5.0 


.ooi) 


.005 


.006 


.002 


-.006 


-.015 


-.019 
-.014 


5.0 


.003 


.oo4 


.006 


.002 


-.007 


-.016 


-.020 


5.2 


.019 


.017 


.003 


-.001 


-.009 


-.013 


5.2 


.019 


.016 


.008 


-.002 


-.009 


-.011 


-.011 


S.'t 


.008 


.005 


.000 


-.003 


.000 


.005 


.008 


5.4 


.008 


.005 


-.001 


-.003 


.001 


.008 


.011 


5.6 


-.oiJt 


-.013 


-.009 


-.001 


.009 


.016 


.019 


5.6 


..013 


-.012 


-.008 


.000 


.009 
.004 


.016 


.018 


5.8 


-.016 


-.013 


-.005 


.002 


.005 


.005 


.005 


5.8 


-.016 


-.013 


-.005 


.002 


.003 


.002 


6.0 


.003 


.ooit 


.005 


,002 


-.005 


-.011 


-,0i4 


6.0 


.003 


.004 


.005 


.002 


-.006 


-.013 


-.016 


6.2 


.0!7 


.015 


.008 


-.001 


-.008 


-.013 


-.014 


6.2 


.017 


.015 


.008 


-.001 


-.008 


-.011 


-.012 


6. J; 


.007 


.005 


.001 


-.002 


-.001 


.00^ 

.014 


.oo4 


6.4 


.007 


.005 


.000 


-.002 


.000 


.005 
.014 


.007 


e.6 


-.012 


-.011 


-.007 


-.001 


.007 


,Ql6 


6.6 


-.012 


-.011 


-.007 


,000 


.008 


.016 


6.8 


-.Olij 


-.011 


-.005 


.001 


.005 


.006 


.006 


6.8 


..oi4 


-.011 


-.005 


.002 


.004 


.004 


.004 


7.0 


.003 


.<Xi\ 


.oo4 


.001 


-.ooii 


-.009 


-.011 


T.o 


.003 


.oo4 


.004 


.001 


-.005 


-.010 


-.013 


^•? 


,015 


.013 


.007 


,000 


-.007 


-.012 


-.013 


7.2 


.015 


.013 

.004 


.007 


-.001 


-.007 


-.011 


-.012 


7.^ 


.006 


.005 


.001 


-.001 


-.001 


.001 


.002 


1-^ 


.006 


.001 


-.001 


.000 


.003 


.005 
.014 


7.6 


-.011 


-.010 


-.006 


.000 


.006 


.012 


.oi4 


.6 


-.011 


-.010 


-.006 


.000 


.007 

.oo4 


.012 


7.8 


-.012 


-.010 


-.005 


.001 


.005 


.006 


.006 


7.8 


-.012 


-.010 


-.005 


.001 


.005 


.005 


8.0 


.003 


.003 


.003 


.001 


-.003 


-.007 


-.009 


8.0 


.003 


.003 


.003 


,001 


-.004 


-.009 


-.010 
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9.2.2 Tangential Doublets {cont.) 



^c = l-75, 

c/A 0° 30° 

.0 1.000 .577 

.1 .931 .533 

.2 .]H0 .41^ 

.3 MB .^!l5 

.4 .176 .067 

.5 -.076 -.00!) 

.6 -.246 -.179 

.7 -.3111 -.206 

.8 -.28z -.172 

.9 -.180 -.096 



lib=4-25, 
60° 90° 



.155 

.1112 

.107 

.057 
.005 

.039 
.067 

.07^ 

.063 

.o)io 



.007 

.012 
,02 It 
.0l|l 
.0£0 

.089 
.092 
,086 
,070 



2,0 
2.2 

2.6 
2.8 



.029 
.0^8 

.02+7 
.012 

.ote 



.015 

.037 

.030 
.013 
,030 



.002 

.005 

.000 

.006 

.002 



7.0 

7,6 
7.8 



.002 
.023 
.014 
,OlJ| 
.021 

.001 
.020 
.010 
.013 
.018 

.003 
.018 
.008 
.013 
.016 

.003 
.017 
.007 
.012 
.Oil* 



8.0 .003 



.002 
.019 
.008 
.013 
.016 

.ooit 

.017 
.006 
.013 
.014 

.ooJ) 

,016 
.005 
.012 
.012 

.00l| 
.Ol!( 
.005 
.011 
.011 

.OQll 



.007 
.008 
.002 
.009 
.004 

.007 
.008 
.001 

.009 
.005 

.006 
.008 
.000 
.008 
.005 

.005 
.008 
,000 
.007 

.CO 5 
.00^ 



.020 
.021 
.003 
.013 
.012 






-.011 


-.ooJf 


.006 


-.001 


2 


.028 


.023 
.014 


.007 


-.010 


k 


.023 


-,003 


-,006 


6 


-.013 


-.013 


-.009 


.00!l 


8 


-.027 


-.019 


-.003 


.007 



.002 
.005 
.005 

.001 

,oo4 

.002 
.002 
.003 
.000 
.003 

,002 
.001 
.002 
.000 
.002 

.001 
.001 
.002 
,000 
,001 

,001 



Gi = 1-043 

120° 150= 180° 

-.087 -.028 .023 

-.087 -.027 .025 

-,089 -.023 .029 

-.091 -.017 .035 

-.091 -.009 .oTJii 



.08a 
.080 
.067 
.048 
.024 



1 .0 


-.051 


-.009 


-.013 


-.oii6 


.000 


1.1 


.063 


.063 


.011 


-,020 


,022 


1 .2 


.132 
■ "5 


.102 


.025 


.OQfi 


:IU 


\:l 


.101 


.028 


.027 


.108 


.068 


.022 


.039 


.okz 


1,5 


.0l|2 


.019 


.010 


.042 


.ov 


1.6 


-,027 
-.074 

-.088 


-,028 


-.001 


.035 


.0ll| 


1-7 


-.058 


-.008 


.022 


-.004 


uii 


-.063 


-.010 


.006 


-.019 


1.9 


-.070 


-.045 


-.008 


-.009 


..027 



.006 

.007 

,001 

,008 

,00 it 

,005 



.001 

.013 
.025 

■035 

.042 
.Okii 

.o)to 
.030 
.oA 
.003 

.020 
.032 
.037 
.033 
.021 



.053 
.061 
.066 
.068 
.063 

.053 
,036 
,014 
.009 
.030 

.oh6 

.052 

.047 

.033 

.01? 



..azG -.004 .010 

-.006 .026 .0^1 

.016 .029 .030 

.017 .001 -.009 

-.002 -.025 X-.035 

..016 -.022 -.022 

..009 .005 .013 

,co8 ,02s .031 

.Ol^l .014 .012 

.001 -.012 -.019 

-.012 -.022 -.026 

-.009 -.005 -.001 

.005 .017 .023 

.012 .017 .018 

.003 -.005 -.oog 

-.009 -.019 -.023 

-.009 -.009 -.008 

.003 .012 .016 

.010 .oiS ,018 

.OO^l .000 -.002 

-.007 ..016 -.019 

-,008 -.010 -.010 

.002 .008 .011 

.009 .015 .017 

.0'J4 .002 .001 



.013 
.010 

.005 
.013 
.003 

.011 



.015 

.011 

.008 
.015 

.003 
,013 



j3a = 2'C 


, 


i3* = 


-3-5, 


Gi=2- 


544 


c/A 


0° 


30° 


60° 


90° 


120° 


150° 


180° 


.0 


1.000 


.6611 


.273 


.133 


.013 


-.039 


-.037 


,1 


:^S 


,626 


.261 


.127 


.010 


..039 


-.036 


.2 


.521 


.227 


.113 


.002 


-.039 


-.032 


-.1 


.556 


.370 


■177 


.092 


-.010 


-.038 


-.026 


.305 


.205 


.121 


.06^ 


-.024 


-.036 


-.017 


-5 


.078 


.057 


.067 


.032 


-.039 


-.032 


..005 


.6 


-.0S8 


-.051 


.023 


.001 


-.052 


-.024 


.008 


• 7 


-.1 75 


-.106 


-.007 


-.027 


-.060 


-,015 


.022 


8 


-. lOT 


-.110 


-.022 


-.0^17 


-.060 


-.003 


■211 


■ 9 


-•135 


-.076 


-.025 


-.058 


-.053 


.010 


1.0 


-.056 


-.025 


-.020 


-.058 


-.038 


,021 


.049 


1,1 


.020 


.022 


-.011 


-.0517 


-.019 


.029 


.047 


1.2 


■°F 


.052 


-.003 


-.029 


.001 


,031 


.038 


\:l 


.086 


.057 
.04] 


.002 


-.008 


.019 


.027 


.023 
.004 


.068 


.003 


,011 


.030 


.017 


1-5 


.028 


.013 


.003 


.025 


,032 


.OOll 


-.015 


1.6 


-.015 


-.015 


.002 


.032 


.026 


-.010 


-.030 


V.l 


-.045 


-.033 


.002 


.029 


.oi4 


-.021 


-.038 


-.055 
-.043 


-.036 


.002 


020 


.000 


-.027 


-.037 


1-9 


-.026 


.003 


.007 


-.012 


-.025 


-.027 


2.0 


-.017 


-.007 


.COI4 


-.006 


-.019 


-.OI0 


-.011 


2,2 


.032 


.024 


.001 


-.020 


-.0]\ 


.010 


.022 


2.I1 


.029 


.017 


-.005 


-.010 


,006 


.024 


.030 


2.6 


-.011 


-.011 


-.OO'I 


.007 


.015 


.01 1 


.007 


2.8 


-.028 


-.019 


.001 


.013 


.005 


-.013 


-.022 


3.0 


-.005 


.000 


,008 


.co4 


-.010 


-.020 


-.024 


3.2 


.021 


.G17 


.006 


-.007 


- .0 1 


-.CO3 


.001 


3-4 


.015 


.008 


-.004 


-.008 


.002 


.016 


.022 


3-^ 


-.011 


-.on 


-.009 


.001 


.011 


.015 


.016 


3.8 


-.019 


-.Oill 


-.002 


.006 


.00^1 


-.004 


-.009 


ll.O 


.000 


.003 


.007 


.00!| 


-.007 


-.017 
-.008 


-.021 


It. 2 


-017 


.015 


.007 


-.003 


-.008 


-.007 


ll.!l 


.009 


.005 


-.002 


-.005 


.001 


.010 


-015 


It. 6 


-.011 


-.011 


-.oofi 


-.001 


.009 


.015 


.017 


Jt.8 


-.015 


-.012 


-.003 


.004 


.OOit 


.000 


-.002 


5.0 


.002 


.ooit 


.006 


.003 


-.005 


-.oi4 


-017 


5-f 


-OI6 


.013 

.004 


.007 


-.001 


-.007 


-,010 


-,010 


5-^ 


.C07 


-.001 


-.003 


.000 


.007 


.009 


5-^ 


-.011 


-.010 


-.007 


-.001 


.007 


,013 


.015 


5.8 


-.013 


-.010 


-.004 


.002 


.004 


.003 


.001 


6.0 


.003 
,0l4 


.004 


.005 


.002 


-.004 


-.011 


-.013 


S.2 


-012 


.006 


-.00] 


-.007 


-.010 


-.010 


6. It 


.006 


.004 


.000 


-.002 


.000 


.004 


.006 


6.6 


-.010 


-.oog 


-.006 


-.00: 


.006 


.012 


.014 


6.8 


-.012 


-.009 


-.oo4 


.002 


.004 


.004 


.003 


7.0 


.003 


.003 


.004 


.002 


-.004 


-.oog 


-.on 


7.2 


.013 


.011 


.006 


-.001 


-.006 


-.009 


-.010 


7.4 


.005 


.00!l 


.000 


-.002 


.000 


.003 


.004 


7.6 


-,005 


-.006 


-.006 


.000 


.006 


.010 


.012 


7.6 


-.010 


-.oog 


-.OOi) 


.001 


.004 


.004 


,oo4 


8,0 


,003 


.003 


.003 


.001 


-.003 


-.007 


-,009 
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9,2,2 Tangential Doublets (cont.) 

c/A 0° 30° 60° 90" 120° 150° 180° 



iSa = 2-0, i36=4-5, Gj =0-977 

c/A 0° 30° 60° 90° 120° 150° 180° 



,0 


1.000 


■m 


.217 


.050 
,045 


-.054 


-.030 


.010 


.0 


1 ,000 


.5^7 


.120 


-,o49 


-.097 


-,003 


.055 


_ 1 


.939 


.205 


-.055 


-.025 


.011 


.1 


.931 

,7W 


.506 


,109 


-.052 


-.096 


-,002 


.055 


.2 


.768 


.^7^ 


,171 


.033 


-.059 


-.027 


.oi4 


.2 


,390 


,078 


-,060 


-.095 


.001 


.057 


-.1 


.524 


.318 


.121 


.0)3 


-.oS4 


-.023 


.020 


-.1 


.468 


,228 


,035 


-!o82 


-.092 


.005 


.059 


■257 


.149 


.067 


-.010 


-.070 


-.018 


.027 


.175 


,057 


-.010 


-.086 


,011 


.060 


• 5 


.019 


.001 


.017 


-■033 


-.073 


-.010 


.035 


■ 5 


-.080 


-.088 


■■°'^,l 


-.091 


-.077 


,018 


.061 


.6 


-.151 


-.102 


-.021 


-•053 


-.072 


-,001 


.043 


.6 


-.252 


-.2o4 


-.068 


::S^ 


-.063 


,025 


.060 


-.1 


-.232 


-.143 


-.oiii 


-.066 


-.065 


.009 


.049 


. 7 


-,320 


-.072 


-.045 


,031 


.055 


-.228 


..138 


-.045 


-.070 


-.053 


.018 


.052 


.8 


-.289 


-.169 


-.059 


-.071I 


-.023 


.035 


.047 


■9 


-.161 


-.090 


-.036 


-.065 


-.035 


.026 


.050 


■9 


-.189 


-.096 


-.035 


..053 


.000 


.035 


.035 


1.0 


..063 


-.026 


-.020 


-.050 


-.015 


■ 031 


.043 


1.0 


-059 


-.010 


-.009 
.014 


-.027 


.021 


.032 


.019 


1.1 


.028 


.032 


-,oo4 


-.030 


.006 


.031 


.031 


1.1 


.056 


.061 


-.001 


.038 
.047 
.048 


.024 


.001 


1,2 


.069 


.067 


.008 


-,007 


.024 


.025 


.015 


1.2 


!i44 


.099 


.026 


.023 


.012 


-.017 


]:l 


.106 


.072 


.014 


.014 


.035 


.016 


-.003 


u 


.099 


.029 


.039 


-.001 


-.032 

-.043 


.083 


.052 


.014 


.029 


■037 


.003 


-.020 


.110 


.067 


.022 


.045 


.039 


-.015 


1-5 


.036 


.017 


,009 


.036 


.031 


-.010 


-.033 

-.040 


1-5 


.045 


.019 


.010 


.042 


.025 


-.025 


-.046 


1.6 


-.015 


-.017 


.003 


.034 


.019 
.004 


-.021 


1.6 


-.023 


-.02; 


-.002 


.030 


.006 


-.030 


-.o4i 


1.7 


-.052 


-.o4o 


-.002 


.024 


-.027 


-.038 


\:l 


-.071 


-.057 


-.010 


.014 


-.011 


-.028 


-.029 


i.S 


-.og5 


-.045 


-.034 


.010 


-.010 


-.026 


-.028 


-.08,' 


-.062 


-.013 


-.004 


-.024 


-.021 


-.011 


1.9 


-.052 


-.033 


-.003 


-,oo4 


-.020 


-,018 


-.012 


i.y 


-.063 


-.045 


-.Oil 


-.018 


-.029 


-.008 


.008 


2.0 


-.022 


-.01! 


-.001 


-,016 


-.023 


-.006 


.006 


2.0 


-.030 
.048 


-.015 


-.006 


-.026 


-.026 


.ooS 


.025 


£.2 


.036 


.023 


.001 


-.021 


-,010 


.013 


,031 


2.2 


■037 


.004 


-.020 


-.004 


.026 


.037 


2.4 


.036 


.022 


-.002 


-.005 


.011 


.022 


.025 


2.i| 


.o49 


.032 


.oo4 


.002 


,018 


.019 


.015 


2.6 


-.009 


-.010 


-.004 


,0i2 


.015 


.003 


-,005 


2.6 


-.011 


-.012 


-.002 


.018 


.016 


-.006 


-.019 


2,8 


-.033 


-.023 


.000 


.013 


,002 


-,oi3 


-,027 


2.8 


-.044 


-.031 


-.002 


.012 


-.002 


-.023 


-.031 


3.0 


-.009 


-.003 


.006 


,001 


-,012 


-.018 


-.019 


3.0 


-.015 


-.006 


.003 
.oo4 


-.oo4 


-.015 


-.oi4 


-.011 


3.2 


.022 


.018 


.004 


-,009 


-,009 


.003 


.009 

.024 


3'2 


.027 


.021 


-.013 


-.008 


.010 


,019 


3.^ 


.019 


.011 


-,003 


-.007 


.oo4 


.019 


3,^ 


.026 


.016 


-.002 


-.006 


.008 


.021 


.026 


3-6 


-.009 


-.010 


-,007 


.003 


.011 


.012 


.011 


3-^ 


-.009 


-.010 


-.006 


.006 


.012 


.008 


.003 


3.8 


-.021 


-.015 


-,001 


.007 


.003 


-.009 


-.014 


3.8 


-.027 


-.019 


-.002 


.009 


.001 


-.014 


-.021 


i,o 


-.002 


.001 


.006 


.003 
-,oo4 


..008 


-.017 


-.020 


4,0 


-.006 


-.001 


.006 


.001 


-.010 


-,018 


-.020 


!!.2 


.018 


.0:5 


.006 


-.008 


-.005 


-.002- 


4.2 


.020 


.016 


.006 


-.006 


-.008 


.000 


.005 


)(.J| 


.Qll 


.007 


-,002 


-,005 


.003 


.013 


.018 


4.4 


.015 


.009 


-.002 


-.005 


.005 


.017 


,022 


!i.6 


-.010 


-.010 


-.007 


.000 


.009- 


.013 


.014 


4.6 


-.010 


-.010 


-.007 


.002 


.010 


,012 


,012 


4,8 


-.016 


-.012 


-.033 


.004 


.003 


-.003 


-.006 


4.8 


-.019 


-.oi4 


-.003 


,005 


.002 


-,007 


-.012 


5.0 


.001 


.003 


.ooS 


.002 


-.006 


-.015 


-.0^8 


5.0 


-.001 


,002 


.006 


.002 


-.006 


-.017 


-.019 


5.2 


,016 


.013 


.006 


-.002 


-.007 


-.007 


-.007 


5.2 


.017 


.015 


.006 


-.003 

-.004 


- .007 


-.005 


-.003 


5.>» 


.008 


.005 


-.001 


-.003 


.002 


.009 


.012 


5v^ 


.010 


.006 


-.002 


.003 


.012 


.016 


5.6 


-.010 


-.010 


-.007 


.000 


.008 


.013 


.oi4 


^■i 


-.oil 


-,010 


-,007 


.000 


.009 


,013 


,oi4 


5-8 


-.01 4 


-.010 


-.003 


.003 


.003 


.000 


-.002 


5.6 


-.016 


-,012 


-.003 


.003 


.003 


-.003 


-.006 


6.0 


,002 


.003 


.005 


.002 


-.00 15 


-.012 


-.015 


6,0 


.001 


.003 


.005 


.002 


-.007 


-.014 


-.017 


6.2 


.014 


.012 


.006 


-.001 


-.006 


-.008 


-.008 


6.2 


.016 


.013 


.006 


-.002 


-.007 


-.007 


-.006 


6.1) 


.006 


.00!) 


-.00! 


-.002 


.001 


.006 


.008 


6.4 


.008 


,005 


-.001 


-.003 


.002 


.009 


.012 


6.6 


-.010 


-.009 


-.006 


.000 


.007 


.012 


.013 


6.6 


-.0!0 


-.010 


-,007 


.000 


.008 


.013 


.014 


6.6 


-.012 


-.009 


-.003 


.002 


.003 


.002 


.001 


6.8 


-.oi4 


-.011 


-,oo4 


.002 


.003 


.000 


-.002 


7.0 


.002 


.003 


.004 


.001 


-.0j!t 


-.010 


-.012 


7-0 


.002 


.003 


.004 


.001 


-.005 


-.012 


-.015 


7.2 


.013 


.01 I 


.006 


-.001 


-.006 


-.006 


-.009 


7.2 


.014 


,012 


,006 


-.001 


-,006 


-.008 


-.008 


7-=* 


.006 


.oq4 


.000 


-.002 


.000 


.004 


.006 


7.^ 


.007 


.004 


.000 


-.002 


.001 


.006 


.009 


7.6 


-.009 


-.003 


-.006 


.000 


.006 


.011 


.012 


^■^o 


-.010 


-.009 


-.006 


.oco 


,007 


.012 


.013 


7.6 


-.011 


-.009 


-.003 


.00! 


.003 


.003 


.002 


7.8 


-.012 


-.010 


-.004 


,002 


.003 


.001 


.000 


8.0 


.003 


,003 


.003 


.001 


-.oo4 


-.008 


-.010 


8.0 


.003 


.003 


.004 


.00; 


-,005 


-.010 


-.012 
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9.2.3 RADIAL UNIPOLES 



^a 


=0'25, 


^b = 


0-75, 


Gi = 0-486 


/3. 


=0-5 


) 


^b = 


10, 


Gi =0-598 


dX 


0° 


30= 


60° 


90" 


120° 


150° 


180° 


c/A 


0° 


30° 


60° 


90° 


120° 


150=" 


180° 


.0 


1.000 


.919 


.712 


.1)60 


.21)1 


.100 


.052 


.0 


1.000 


.891 
.787 


.620 


.310 


.062 


-.086 


-.133 


.1 


% 


.801 


.609 


.377 


.175 

.004 


.01)6 


.003 

-.124 


J 


.889 


.536 


.251 


.023 


-.111 


-.153 


.2 


.)i86 


•336 


.156 


-.092 


.2 


.590 


.510 


.313 


.093 


-.076 


-.172 


-.202 


■X 


.112 


.075 


-.016 


-.121 


-,206 


-.256 


-.271 


:? 


.igi) 


.143 


.022 


-.105 


-.195 


-.239 


-.251 


-.286 


-.299 


-.328 


-.356 


-370 


-.573 


-.373 


-.181 


-.201 


-.2it2 


-.273 


-.280 


-.272 


-.267 


•5 


-529 


-.522 


-.500 
-.5)83 


-.1)61) 


-.1)22 


-.388 


-:m 


.5 


-.1)30 


-.i|23 


-!to 


-.350 


-.291 


-.243 


-.221) 


.6 


-.555 


-.536 


-.1)09 


-.335 


-.281 


.6 


::5?5 


-.1)69 


-.308 


-.215 


-.lite 


-.122 


*0 


-•377 


-.35^ 


-.293 


-.213 


-•136 


-.061 


-.062 


■1 


-.3itit 


-.266 


-.165 


-.070 


-.005 


.018 


-.076 


-.058 


-.010 


.052 


.108 


.11)6 


.159 


-.131 


-.110 


-.oit8 


.029 


.096 


.139 




.9 


.230 


.239 


.261 


.287 


.309 


■321 


.325 


.9 


.128 


.lifl 


.171 


.203 


.227 


.238 


1.0 


.i|29 


.1^27 


.1)21 


.1)10 


.396 


.383 


.378 


1.0 


.318 


■317 


.311 


.297 


.277 
.228 


.258 


.251 


1.1 


.i(l)it 


.1)17 


.376 


.338 


,308 


.297 


1.1 


'.zk 


.361 


.327 


.279 


.190 


.176 


1.2 


.305 


.292 


.256 


.207 


.159 


.121) 


.112 


1,2 


.266 


.221 


.160 


.100 


.057 


.01)2 


1:1 


.oiiy 


.035 


.OOi) 


-.036 


-.075 


-.102 


-.112 


\-x 


.050 


.076 


.036 


-,Olit 


-.062 


-.ogi) 


-.105 


-.219 


-.225 


-.2i)0 


-.260 


-.277 


-.289 


-■293 


-,125 


-,133 


-153 


-.178 


-.198 


-.210 


-.2A 


^•5 


-.408 


-.390 
-.i|01 


-.387 


-.33) 


-.37^ 


-.368 


-365 


1.5 


-.281 


-.28: 


-•277 


-.270 


-.260 


-.250 


-.21)7 


1.6 


-,234 


-357 


-.331 


-.311 


-.303 


1.6 


-.322 


-.31^ 


-.292 


-.259 


-.226 


-.200 


-.191 


1:^ 


-.269 


-.259 


-.200 


-.)65 


-.ll)0 


-.131 


1:^ 


-.238 


-.227 


-.195 


-.152 


-.109 


-,078 


-,067 


-.031 


-.023 


,003 


.030 

.21)1) 


.059 


.080 


.087 


-.067 


-,056 


-.028 


.010 


.01)6 


.071 


.Q&D 


1.9 


.213 


.217 


.229 


,259 


.266 


.272 


1 


,l2l| 


.130 


.1^5 


.i6it 


.181 


.192 


.196 


2.0 


.369 


.369 


.367 


.363 


.359 


■};ii 


.353 


2.0 


.261 


,260 


.258 


.25I1 

.lie 


.21)8 


.21)2 


.239 


2.2 


,2i|V 


.2itO 


.221 


.19!) 


.167 


.Al 


2.2 


.213 


,20lt 


.179 


.113 


.088 


.080 


2.i( 


-.208 


-.212 


-.221 


-.23') 


-.21)6 


-.25^ 


-.257 


2.4 


-.123 


-.126 


-.HO 


..156 


..170 


-.179 


-.183 


e.6 


-.363 


-■359 


-.3^8 


.021) 


-.317 


-.305 


-.301 


2.6 


-.275 
-.043 


-.270 


-.256 


!oo6 


-.217 


-.202 


-.196 


2.8 


..016 


-.010 


.(Xi\ 


.01)3 


.057 


.062 


2.8 


-.037 


-.018 


.030 


.01)7 


.053 


3.0 


.3itij 


.218 


.3^2 


•^o? 


■338 


.336 


.335 


3.0 


.239 


.238 


.237 


.23!) 


.231 


.228 


.227 


3.2 


.223 


.205 


.186 


.166 


.15^ 


.\\3 


3-2 


.181) 


.178 


.161 


.138 

-.1% 

-.224 


.115 


.098 


.092 


3.^ 


-.201 


-.20it 


-.210 


-.219 


-.228 


-.23^ 


-.236 


3.^ 


-.122 


-i?5 


-.133 


-.155 


-.162 


-.165 


3-^ 


-.3i(0 


-337 


-.329 


-.318 


,03i 


-.299 


-.296 
.oW 


H 


-.251 


-.2lt8 


-.238 


-.210 


-.199 


-.195 
.01)0 


3.8 


-.010 


-.006 


.005 


.020 


.01(5 


3.8 


-.032 


-.027 


-.Ollt 


.OOi) 


.022 


.035 


\.a 


.328 


.328 


.327 
.196 


.326 


■3?!S 


.323 


.322 


I1.0 


.225 


.225 


.22!t 


.222 


.220 


.218 


•217 


\.2 


.2)0 


.206 


.182 


.168 


■157 


.15^ 


11.2 


.168 


.163 


.150 


.133 


.115 


.102 


.098 


it.il 


-.195 


-.197 

-.324 


-.202 


-.209 


-.216 


-.221 


-.223 


i).i) 


-.1)9 


-.122 


-.128 


-•■137 


-.204 


-.151 


-.153 


it. 6 


-.326 


-.317 


-.309 


-.300 


-.293 


-.291 


lt.6 


-.237 


-.23^ 


-.226 


-.215 


-.196 


-.193 


it. 8 


-.007 


-.OOi) 


.005 


,016 


.028 


.036 


.039 


l).8 


-.026 


-.023 


-.012 


.003 


.017 


.027 


,031 


5.0 


• 317 


.317 


.316 


•315 


.3ii| 


.313 


.312 


5.0 


.216 


.216 


.215 
.lltll 


.2\\ 


.212 


.210 


.210 


5-? 


.202 


.199 


.190 


■ 179 


.166 


■ 159 


.156 


5-? 


.158 


.15^ 


.129 


.115 


.105 


.101 


5.^ 


-.190 


-.191 


-.195 


-.201 


-.207 


-.211 


-.212 


5.^ 


-.117 


-.119 
-.224 


..12lt 


-.131 


-.138 


-.143 


..1^5 


5.6 


-.316 


-.31^ 


-.309 


-.301 


-.29!) 


-.289 


-.287 


5.6 


-.227 


-.218 


-.209 


-,200 


-.193 


-.190 


5.6 


-.007 


-.ooit 


.003 


.013 


.022 


.029 


.032 


5.8 


-.023 


-.020 


-.011 


,001 


.013 


.021 


.021) 


6.0 


.308 


.308 


.308 


.307 


.305 


.305 


.30I) 


6.0 


.209 


.209 


.208 


.207 


.206 


.201) 


.201) 


6.2 


.196 


.i9ii 


.187 


.177 
-.194 


.^m 


.161 


.158 


6.2 


.151 


.lite 


■139 


.127 
-.126 


.115 


.106 


.103 


6. it 


-.185 


-.186 


..189 


-.199 


-.202 


-.203 


6.1) 


-.114 


-.116 


-.120 


-.132 


-.136 


-.138 


6.6 


-.306 


-.307 


-.302 


-.296 


-.290 


-.285 


6.6 


-.219 


-■217 


-.212 


-.201) 


-.196 


-,190 


-,188 


6,8 


-.007 


-.005 


,001 


,009 


.017 


.023 


.025 


6.8 


-.021 


-.019 


-.011 


-.001 


.009 


.016 


.019 


7.0 


.301 


.301 


.300 


.300 


.299 


.296 


.297 


7.0 


.201) 


.203 


.203 


.202 


.200 


.199 


.199 


^•? 


.193 


.191 


.185 


.176 


.168 


.162 


.160 


7.2 


.11)6 


.1^3 


.136 


.126 


.115 


,108 


.105 


7-^ 


..180 


-.181 


-,184 


-.188 


-.192 


-195 


..196 


7. It 


-.112 


-.113 


-.117 


-.122 


-.127 


liise 


::1^ 


7.6 


-.302 


-.301 


-.297 


-.292 


-.286 


-.282 


..281 


7.6 


-.213 


-.212 


-.207 


-.200 


-.193 


7.6 


-.008 


-.006 


-.001 


.006 


,013 


.018 


.020 


7-8 


-.020 


-.018 


-.011 


-.003 


.006 


.012 


.015 



.295 .295 .2911 .293 .293 .292 .292 



.199 .199 .IS 



.197 .196 .195 .19't 
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9.2.3 Radial Unipoles {cont.) 



^a 


= 0-75, 


^ft= 


1-25, 


Gi=0- 


593 


pa 


= 1-0 




)96 = 


15, 


Gi =0-535 


c/X 


0° 


30° 


60° 


90° 


120° 


150° 


180° 


c/A 


0° 


30° 


60° 


90° 


120° 


150° 


180° 


.0 


1.000 


.860 


.531 
.459 


:ir7 


-.o4i 


-.155 


..186 


.0 


1.000 


.822 


.I128 


X 


-.096 


-.137 


-.137 


.1 


.m 


.764 


-.063 


-.163 


-.190 


.1 


.896 


'.^81 


.364 


-.107 


-.137 


-.133 


.2 


.6qB 


.505 


.266 


.030 


-.118 


-.181 


-.195 


,2 


.615 


.194 


-.o4i 


-.134 


-.133 


-.120 


:5 


.226 


.160 


.014 


-.116 


-.180 


-.192 


-.190 


-.1 


.237 


.150 


-,02a 


-.148 


-.161 


-.119 


-.095 


-.142 


-.169 


-.217 


-.23S 


-.215 


-.178 


-.161 


-.129 


-.167 


-.229 


-,232 


-,166 


-.087 


-.053 


•^ 


-.397 
-.479 

-.3^7 
-.174 


-!450 


-.357 


-.288 


-.200 


-,128 


-.100 


.5 


-.388 
-.478 


::^g 


-.348 


-.259 


-137 


-037 


.002 


*9 


■JU 


-.249 


-.130 


-.044 


-.013 


.6 


-.352 
-.245 


-,213 


-.072 


.027 


.062 


■i 


-.351 


..131 


-.019 


.055 


.081 


-.1 


-.398 


-■355 


-,106 


.Ql4 


.090 


.)i4 


-.144 


-.067 


.023 


.098 


.142 


.156 


-.194 


-.158 


-.070 


.027 


.097 


.133 

.l42 


.143 


'? 


.073 


.089 


.126 


.161 


.182 


.183 


.189 


.9 


.050 


.069 


.110 


.142 


.150 


.137 


1.0 


.265 


.264 


.256 


.236 


.205 


.177 


.165 


1.0 


.246 


.245 


.234 


.203 


■^55 


.111 


.094 


1.1 


'M 


.325 


.283 

.204 


.222 


.158 


.109 


.091 


1.1 


.332 


.315 
.264 


.265 


.189 


.106 


.046 


.024 


1.2 


.£60 


.129 


.057 


.006 


-.013 


1.2 


.289 


.198 


.109 


.025 


-.034 


-.054 


\:l 


.121 


.103 


.054 


-.007 


-.062 


-.099 


-111 


\:l 


.144 


.122 


.064 


-.006 


-.066 


-.103 


-.115 


-.071 


-.081 


-.107 


-.136 


-.158 


-.169 


-.173 


-.o4i 


-■054 


-.084 


-.114 


-.133 


-.i4o 


-.i4i 


1.5 


-.223 


-.223 


-.219 


-.210 


-.195 


-.181 


-•175 


1-5 


-.196 


-.196 


-.191 


-.176 


-.152 


-.130 


-.121 


1.6 


-.281 


-.271 


-.244 


-.204 


-,162 


-.129 


-.117 


1.6 


-.266 


-.254 


-.221 


-.172 


-.118 


-.077 


-.062 


\:l 


-.228 


-.214 


-.175 


-.122 


-.070 


-.033 

.074 


-.019 


\:l 


-.231 


-.2111 


-.167 


-.104 


-,042 


.002 


.018 


-.091 


-.078 
.081 


-■043 


,002 


.045 


.084 


-.111 


-.095 


-.c^3 


,000 


.048 


.080 


.ogi 


1.3 


.074 


.100 


.123 


.142 


.154 


.157 


1.9 


.043 


.052 


■075 


.101 


.120 


.130 


■ 133 


£.0 


■.%l 


.203 


.201 


.195 


.186 


.177 


.174 


2.0 


.172 


:ig 


■^19. 


.161 


.148 


.134 


.129 


£.2 


.187 


.157 


.117 


.0/7 


.047 


.037 


2.2 


~'.ol6 


.148 


.099 


.051 


.016 


.003 

-.124 


2.4 


-.076 


-.082 


-.057 


-.116 


-.132 


-.142 


-.146 


2.4 


-.053 


-.072 


-.093 


-.111 


-.121 


2.6 


-.229 


-.223 


-.207 


..183 


-.159 


-.)4o 


-.133 


2,6 


-.207 


-.200 


-,180 


-.152 


-.121 


-.098 


-.089 


2.8 


-.061 


-.052 


..030 


,000 


.028 


.048 


.055 


2.8 


-.075 


-.065 


-,038 


-.003 


.030 


.053 


.061 V 


3.0 


.182 


.182 


.181 


"■.,78 


!o8l 


.165 


.167 


3.0 


.150 


.i49 


,i4g 


.l!l5 


.136 


.131 


.129 


3.2 


-!o7B 


.■M 


■ 137 


.109 


.061 


.05 li 


3-2 


.158 


.125 


.092 


.059 


.035 


.026 


3.11 




-.106 


-.118 


-.127 


-.129 


3.4 


::Z 


-.056 


-.069 


-.084 


-.098 


-.107 

-,lo4 


-.110 


3.6 


-.204 


-.200 


-.172 


-.154 


-.141 


-.136 


3.6 


-■175 


-.161 


-.i4i 


-.120 


-.096 

.044 


3.8 


-.046 


-.o4o 


.;o23 


-.002 


.020 


.035 


.o4o 


3.8 


-.057 


-.050 


-.030 


-.oo4 


,021 


.038 


k.O 


.171 


.170 


.169 


.167 

.io4 


.164 


.161 


.160 


4.0 


■139 


.139 


.138 


■^P 


,131 


■Ti 


.125 


\.2 


.146 


.lii 


.125 


.083 


.068 


,062 


4.2 


.137 


.130 


.112 


.087 


.062 


,o44 


■ 037 


^.\ 


-.07a 


-.081 


-.090 


-.100 


-.no 


-.116 


-119 


4.4 


::W. 


-.057 


-.067 


-.07? 
-.134 


-.090 


-,097 


-.100 


\.6 


-.190 


-.186 


-•177 


-.164 


-.150 


-.i4o 


-.136 


4.6 


-.iSo 


-.149 


-,117 


-.105 


-.101 


K8 


-.03a 


-.033 


-.020 


-.002 


.015 


.027 


.031 


4.8 


-.046 


-.04l 


-.025 


-.005 


,015 


.029 


.034 


5.0 


.163 


.163 


.162 


.160 


■ 157 


.155 


.155 


5.0 


.132 


.132 


.131 


,128 


.125 

.064 


,122 


.121 


5-2 


.135 


.131 


.118 


.101 


.084 


.071 


.067 


5.2 


.124 


.119 


.io4 


.084 


,o49 


.043 


5.^ 


-'.-[do 


-.080 


-.067 


-.095 


-.103 


-.109 


-.111 


5.4 


-.054 


-.057 


-,065 


-.075 


-.064 


-.090 


-,092 


5.6 


-.177 

-,028 


-.169 


-.158 


-.147 


-.139 


-.136 


5.6 


-.1^4 


-.151 


-.i4i 


-.129 


-.115 


-.105 


-.102 


5.6 


-.032 


-.018 


-.003 


.011 


.021 


.024 


5.6 


-.o4o 


-035 


-.022 


-.005 


.011 


.023 


.027 


6.0 


.157 


.157 


.156 


.15^ 


ioS 


.151 


.150 


6.0 


.127 


.126 


.125 


.124 


.121 


.119 


.118 


6.2 


.127 


.123 


.113 


.099 


.074 


.070 


6,2 


.11^ 


.111 


.098 


.082 


.065 


,052 


.048 


6.4 


-.077 


-.079 


-.0^ 


-.092 


-■% 


::i?S 


-.105 


6.4 


-.057 


-.063 


-.072 


-.079 


-.085 


-.087 


6.6 


-.172 


-.170 


-.163 


-.154 


-.135 


6.6 


-.143 


-.136 


-.125 


!oo8 


-.105 


-.102 


6.8 


-.023 


-.026 


-.017 


-.004 


.008 


,016 


.019 


6.d 


-035 


-.031 


-.020 


-.006 


,018 


.022 


7.0 


.152 


.152 


.151 


.150 


.148 


.147 


.146 


7.0 


.122 


.122 


.121 


.120 


.117 


.115 


.115 


7.2 


.122 


.118 


.109 


-iose 


.085 
-.094 
-.142 




.072 


7.2 


.109 


.105 


.094 


.080 


.065 


.055 


-'.% 


7.^ 


-,076 


-.078 


-.082 


- 098 


-.100 


7.^ 


-.o4 
-,i4i 


-.056 


-.062 


-.069 


-.076 


-.080 


7.6 


-.1^7 


-.165 


-.159 


-.151 


-:i36 


-.134 


'^'i 


-.138 


-131 


-.122 


-,112 


-.104 


-.102 


7.8 


-.027 


-.024 


-.016 


-.005 


.005 


.013 


.015 


7.8 


-,032 


-.029 


-.019 


-.007 


.005 


.014 


.017 


8.0 


.l49 


.148 


• li'T 


.146 


.l!i4 


.143 


.142 


8.0 


.119 


.119 


.118 


.116 


.114 


.112 


.112 
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9.2,3 Radial Unipoles (cont.) 



?o 


= 1'25, 


?b = 


1-75, 


Gi=0-514 


^a 


= 1-5 




^b = 


2'0, 


Gi=0- 


520 


cl\ 


0° 


30° 


60° 


90° 


120° 


150° 


180° 


c/X 


0° 


30° 


60° 


90= 


120° 


150° 


180° 


.0 


!.000 


.768 

.683 


290 


-.061 


-.15!) 


-.106 


-.070 
-.060 


.0 


1,000 


.722 


% 


-.126 


-.133 


-.020 


.037 


.1 


.901 


239 


-.080. 


-.154 


-.098 


.1 


.902 


.640 


-.14) 


-.133 


-.016 


.041 


.2 


.632 


■^55 
.lll9 


102 


-.129 


-.151 


-.07I) 


-.032 


.2 


.63!! 


.1)20 


.025 


-•177 


-.130 


-.007 


.050 


■\ 


.269 


-.07I) 


-.185 


-.138 


-.038 


.009 
054 


'} 


.27l( 
-.080 


.126 


-.128 


-.214 


-.119 


.009 


.063 


-.089 


-.1^7 


-.233 


-.222 


-.112 


.006 


-.156 


-.260 


-.231 


-.095 


.030 


.077 


■5 


-.3it8 
-.%i 


-.352 
-.419 
-.31)4 


-.32^ 


-.218 


-.069 


.050 


.09I) 


.5 


:;Si1 


-.349 
-.405 


-.325 


-.208 


-.055 


.052 


.088 


.6 


-.318 


-.165 


-.Oil) 


.086 


.120 


.6 


-.299 


-,i4i 


-.003 


.071 


.091 


i 


-.391 


-.221 


-.073 


■ 0^3 


.106 


.121) 


:l 


-377 


-.325 


-.191 


-.044 


.049 


.079 


.082 


-.209 


-.166 


-.067 


.031 


.087 


.102 


.103 


-■197 


-.148 


-.036 


.059 


.089 


■ 0/3 


.059 
.024 


• 9 


.020 


.oXk 


.092 


118 


.106 


076 


.061 


.3 


.027 


.058 


.116 


.138 


.10!) 


.049 


1.0 


.213 


.^^\ 


.201) 


.161 


.093 


.031 


.006 


1.0 


.2)1) 


.220 


■^ 


.170 


.088 


.013 


-.017 


1.1 


.309 


292 


M 


,148 


.052 


-.021 


-.01)8 


1.1 




.288 


.147 


.01)6 


-.029 
-.064 


-.056 


1.2 


.286 


,259 


.087 


-.005 


-.066 


-.087 


1.2 


.21)8 


.17't. 


.077 

-,01!) 


-.010 


-.081 


\-x 


.t62 


■137 


.073 


-.001 


-.060 


-.092 


-.102 


\\ 


,122 


,057 


-.062 


-.082 


-.086 


-.008 


-.023 


-.055 


-.083 


-.091) 


-.091 


-.087 


-.021 


-.038 


-.072 


-.095 


-.093 


-.077 


-.068 


'■5 


-.161 


-.161 


-.154 


-,132 


-.09S 


-.062 


-.01)8 


1.5 


-.169 
..2\\ 


-.171 


-.166 


-.138 


-.092 


-.01)8 


-.030 


1.6 


-.2!t2 


-.229 


-■191 


-■^^ 


-.065 


-.oil) 


.oo\ 


1.6 


-.232 


-.194 


-.131 


-.059 


-.004 


.017 


\i 


-.228 


-.209 


-155 


-.0S3 


-.012 


.037 


.086 


\-l 


-.221) 


-.2o4 


-.150 


-.077 


-.006 


.o42 


!oS3 


-.132 


-.113 


-.066 


-.007 

.068 


.Oljl) 


.076 
.089 


-.122 


-.103 


-.055 


.002 


.01)6 


io^3 


1.9 


.007 


017 


.o\i 


.081) 


.090 


1-9 


.019 


.030 


.055 


.077 


.086 


.081 


2.0 


.133 


■133 


129 


.116 


.09I1 


.07!) 


.0S5 


2.0 


.A3 


.144 


.139 


.121 


.092 


.065 


.053 


2.2 


.192 


-177 


■'35 


.078 

-.060 


.022 


-.017 


-.032 


£.2 


.191 


.175 


.n2 
-.048 


-!o68 


.016 


-.025 


-.039 
-.063 

-.024 


2.!l 


-.008 


-.017 


-.038 


-.077 


-.01)5) 


-.087 


2.1) 


-.018 


-.027 


-.080 


-.083 


2.6 


-■177 


-.169 


-.11)6 


-.111 


..073 


-.033 


2.6 


..183 


-•175 


-.150 
-.045 


-.112 


-.069 


-.037 


2.8 


-.Ojll 


-.082 


-.051 


-.011 


.026 


051 


.060 


2.8 


-.090 


-.077 


-.004 


.033 


.057 


.065 


3.0 


\107 


■%l 


.105 


099 


.089 


.079 


075 


3.0 


.116 


.1)6 


.113 


.io4 


.090 


.077 


.071 


3-2 


.l!l9 


no 


.071 


033 


.005 
-.074 


-.006 


3.2 


.150 


.139 


.109 


.068 


.027 


-.003 
-.078 


-.013 


a-'' 


-,013 


-.019 


-.03!) 


-.051 


-.066 


-.077 


3.4 


-.020 


-.026 


-.042 


-.059 


-.072 


-.060 


3-6 


-.l!l6 


-.ito 


-.12!) 


-.100 


-.074 


-.055 


-.01)7 


3.6 


-.152 


-.146 


-.128 


-.102 


-.073 

.024 


-.0^1 


-.042 


3.8 


-.073 


-.065 


-.ote 


-.012 


.017 


.036 


oi)3 


3.8 


-.070 


-.061 


-.03^ 


-.005 


.043 


.050 


1).0 


,095 


.095 


■ 093 


.090 


.081) 


.078 


• 075 


i).o 


.102 


.102 


.101 


.096 


.087 


.079 


.076 


Jt.2 


.125 


.117 


096 


.066 


-.058 


.016 


.008 


H.2 


.126 


.n8 


-.o4o 


.064 


.032 


.010 


.002 


ll.lt 


-.017 


-.021 


-.032 


-.01)6 


-.066 


-.068 


l).l) 


-.023. 
-.134 


-.028 


-.054 


-.065 
-.074 


-.072 


-,074 


i).6 


-.129 


-.12ll 


-.111 


-.093 


-.073 


-.059 


-.053 


it.6 


-,129 


-.116 


-.095 


-.057 


-,051 


ii.S 


-.060 


-.05^ 


-.036 


-.012 


on 


.027 


032 


i).8 


-.057 


-.050 


-.031 


-.006 


.018 


.034 


.o4o 


5.0 


.087 


.087 


,086 


083 


079 


075 


• 073 


5.0 


.095 


.095 
.io4 


■°§5 


.090 


.084 


.079 


.076 


5-2 


.110 


.103 


086 


.063 


.039 


022 


016 


5-2 


.111 


,086 


.061 


.036 


.018 


.011 


5.^ 


-.019 


-.022 


-.032 


-.ol)3 
.,08a 


-.053 


-.060 


-.062 


5.4 


-.025 


-.029 


-.039 


-.051 


-.060 


-.066 


-.068 


5.6 


-.117 


-.113 


-.103 


-.072 


-.060 


-.056 


5.6 


-.122 


-.118 


-.107 


-.091 


-.074 


-.060 


-.055 


5.8 


-.052 


-.01)6 


-.031 


-.012 


.007 


020 


.025 


5.8 


-.o!i9 


-.oi)3 


-.027 


-.006 


.013 


.027 


.032 


6.0 


.082 


.082 


081 


079 


.075 


.072 


.071 


6.0 


.090 


.090 


.088 


.086 


,o8t 


.077 


.075 


6.2 


.099 


.09I) 


080 


060 


.026 


.oai 


6.2 


.101 


.095 


.080 


.059 


.038 


.023 


.017 
-.064 


6.!l 


-.020 


-.023 


-.031 


-.0!)0 


-.ol)9 


-.055 


-.057 


6.1) 


-.027 


-.030 


-.038 


-.048 


-.057 


-.062 


6.(> 


-.109 


-.106 


-.097 


-.081) 


-.071 


-,061 


-.057 


G.(, 


-.111) 


-.111 


-.101 


-.068 


-.073 


-.062 


-.058 


6.8 


..Q\€ 


-.01)1 


-.028 


-.012 


.OOl) 


.016 


.020 


6.8 


-.01)2 


-.037 


-.024 


-.007 


.010 


.022 


.026 


7.0 


.079 


.078 


■ 077 


.075 


,072 


.070 


.069 
024 


7.0 


.086 


.086 


.085 


.082 


.079 


.076 


.074 


■^•? 


.092 


.087 


075 


.058 


Olll 


.029 


7.2 


.093 
-.028 


.088 


.075 


-.046 


.03? 


.026 


,021 


7.^ 


-.021 


-,02!) 


-.030 


-.036 


-.01)6 


-.051 


-•053 


7'i 


-.031 


-.037 


-.054 


-.058 


-.060 


7.6 


-.103 


-.100 


-.092 


-.081 


-.069 


-.061 


-.057 


^•^ 


-.108 


-.105 
-.034 


-.097 


-.085 


-.072 


-.063 


-.059 


7.6 


-.041 


-.037 


-.026 


-.0:2 


.002 


.012 


016 


7.8 


-.038 


-.022 


-.007 


,008 


.018 


.022 



8.0 .076 .075 074 .072 070 068 .067 



8.0 .o£5 .083 .082 .080 .077 .074 .073 
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9.2.3 Radial Unipoles (cont.) 



^ = \-15, 


Pb= 


2-25. 


Gi=0- 


588 


clX 


0° 


30° 


60" 


90° 


120° 


150-^ 


]80° 


.0 


T.OOO 


.670 


.089 


'•'J^ 


-.114 


.018 


.071 


.1 


.9q4 


.593 


.:W. 


..ik 


-.111 


.021 


.072 


.2 


,642 


,386 


-.201 


-,101 


.027 


.074 


:l 


,287 


.109 


-.165 


-.212 


-,083 


.036 
.047 


.07S 


-.063 


-.156 


-.^65 


-.203 


-.053 


.075 


■5 


-.320 

-.426 


-.337 


-.304 


-.163 


-.015 


.055 


.069 


.6 


-.390 


-.265 


-.091 


.028 


•059 
.054 


.056 


:l 


-.375 


-Jll 


-.157 


-.001 


.066 


.036 


-.205 


-.012 


,086 


.090 


.038 


.009 


■ 9 


.010 


.051 


,125 


,i46 


.091 


.014 


-.021 


1.0 


.194 


.206 


.210 


.161 


.069 


-.015 


-.048 


1.1 


.285 


.272 


.221 


.126 


.028 


-.043 


-.067 


1.2 


.263 


.235 


•i?7 


.058 


-.020 


-.060 


-.071 


]:l 


.1^7 


.117 
-.034 


.044 


-.026 


-.061 


-.063 


-.059 


-.013 


-.075 


-.096 


-.081 


-.048 


-.032 


1-5 


-.155 


-,lS0 


-,160 


-.131 


-.074 


-.019 


.oo4 


1.6 


-.230 


-.219 
-.194 


-.183 


-.118 


-.042 


.017 
.04^ 


.039 


\i 


-.214 


-.i4o 


-.066 


.003 


.063 


-.119 


-.099 


-.049 
.055* 


.007 


.046 


.065 


.069 


1-3 


.014 


,026 


.07I1 


.073 


.061 


.054 


2,0 


.n4 

.184 


■^'i^ 


.132 


.111 


.074 


.03S 


.024 


2.2 


.168 


.125 


.064 


.006 


-.034 


-.048 


2.!t 


-.013 
-.174 


-.023 


-.oii4 


-.062 


-.069 


-.066 


-.063 


2.6 


..166 


-,i4o 


-.099 


-.052 


-.Olfi 


-.002 


2.8 


-.090 


-.077 


-.044 


-.002 


.033 


.054 


.061 


3.0 


.107 


.107 


.104 


.092 


.073 


.055 


.048 


3-? 


.146 


.135 


.103 


.059 


.016 


-.oi4 


-.025 


3.^ 


-.014 


-.020 


-.036 


-.052 


-.062 


-.065 


-.066 


3.6 


-.144 


-.136 


-.118 


-.069 


-.057 


-.031 


-.022 


3.6 


-.072 


-.062 


-.037 


-.005 


.02lf 


,o43 


.050 


ll.O 


.093 


.093 
.114 


.090 


.083 


.072 


.061 


.056 


1(.2 


.123 


.069 


.056 
-.047 


.022 


-.002 


-.010 


4.4 


-.015 


-.020 


-.033 


-.057 


-.062 


-.063 


k.6 


-.126 


-.120 


-.105 


-.083 


-.059 


-.o4o 


-.033 


4.8 


-.060 


-.052 


-.032 


-.005 


.019 


.035 


.o4i 


5.0 


.084 


.084 


.083 


.078 


.070 


.063 


.060 


5-? 
5-) 


.107 
-.017 


.100 
-.021 


.080 
-.032 


.053 
-.043 


.026 
-.053 


,007 
-.058 


,000 
-.059 


5-^ 


-.113 


-.109 


-.097 

-.028 


-.079 


-.059 


-.044 


-.039 


5.8 


-.051 


-.045 


-.006 


.015 


.028 


.033 


6.0 


.079 


.079 


.077 


.074 


.068 


.063 


,060 


6.2 


.097 


.090 


.074 


.OSl 


.029 


,012 


.006 


6.4 


-.019 


-.022 


-.031 


-.o4i 


-.049 


-.054 

-.Ok] 

.024 


-.056 


6.6 


-.105 


-.101 


-.091 


-.076 


-.059 


-.oh 
.028 


6.8 


-.045 


-.039 


-.025 


-.006 


.011 


7.0 


!o89 


!o^3 


.074 


.071 


.066 


.062 


.060 


■^■? 


.069 


.050 


.030 
-.046 
-.059 


,016 


.011 




-.020 

-.098 

-.0110 


-.023 

-.095 


-.030 
-.086 


-.039 
-.073 


-.0^1 


-!o45 


7.8 


-.035 


-.023 


-.007 


,009 


,020 


.023 



i3a=2-0 


, 


pb = 


2-5, 


Gi=0' 


688 


dX 


0" 


30° 


60° 


90° 


120° 


150° 


180° 


.0 


1.000 


.615 


.002 


-.189 


-.069 


.034 


■057 


.1 


.905 


.543 


-.027 


-.19; 


-.065 


.035 


.057 
.054 
.o49 


.2 


.646 


.347 


-,io4 


-.192 


-.053 


.038 

.0l|2 


:l 


.295 


.086 


-.197 


-.185 


-.033 


-053 


-.165 


-.267 


-.159 


-.005 


.044 


.o4o 


.5 


-.311 

-.421 


-.334 


-.284 


-.109 


.027 


.044 


.027 


.6 


-.382 


-.234 


-.038 
,o4i 


.059 


.039 


.011 


:l 


-.376 


-.305 


-.126 


.081 


.027 


"-.009 


-.213 


-.142 


.009 


.109 


.089 


.010 


-.030 

-.047 


•9 


-.002 


.046 


.131 


.148 


.078 


-.010 


1.0 


.180 


.196 


.202 


.146 


.o49 


-.030 


-.056 


T.l 


■.2^0 


.261 


.203 


.104 


.009 


-.044 


-•°5g 


1,2 


.227 


.137 


.033 


-.032 


-.049 


-.048 


\:l 


li52 


.115 


.030 
-.080 


-.043 


-.063 


-.042 


-.027 


-.002 


-.029 


-.103 


-.073 


-.023 


.001 


1.5 


-.141 


-.150 


-.156 


-.126 


-.061 


.003 


.029 


1 .6 


-.217 


-.208 


-.173 


-.107 


-.030 


.029 


.050 


\:l 


-.206 


-.1^ 


-.129 


-.05;.' 


.010 


.047 


.058 


-.119 


-.096 


-.o4i 


.015 


.o!i6 


.052 


.050 


1.9 


.007 


.023 


.056 


.075 


.065 


.o4i 


.029 


2.0 


.123 


.127 


.126 


.106 


.061 


-.038 
-.049 


-.001 


2.2 


.176 


.161 


.117 

-.044 


.057 


-.001 


-.0^1 


2.4 


-.009 


-.020 


-.060 


-.060 


-.043 


2.6 


-.166 


-.158 


-.133 


-.091 


-.040 


.000 


.015 


2.8 


-.088 


-.075 


-.o4i 


-.001 


.032 


.049 


.055 


3.0 


.101 


.101 


.098 


.085 


.061 


.038 


,028 


3"? 


.i4i 


.13c 


.098 


.053 
-.048 


.009 
-.os4 
-.oU 

.024 


-.022 


-•033 


3.4 


-.010 


-.017 


-.033 


-.(^4 


-.052 


3.6 


-.138 


-.131 


-.112 


-.O&i 


-.017 


-.006 


3.8 


-.072 


-.062 


-.036 


-.004 


.Ol)2 


.048 


4.0 


.086 


.086 


.084 


.075 


.060 


.046 


.o4o 


4.2 


.120 


.110 


.085 


.050 
-.042 


,0:5 


-.010 


-.019 


4.4 


-.011 


-,016 


-.029 


-.050 

-.047 


-.053 


-.053 


4.6 


-.120 


-.114 


-.093 


-,074 


-.026 


-.018 


4.8 


-.061 


-■053 


-,032 


-,005 


.019 


.035 


.o4o 


5.0 


.078 


.077 


.075 


.069 


■ 059 


,o4g 


.045 


5.2 


.104 


.097 


,076 


.047 

-.038 


.019 


-,Q02 


-.009 


5.4 


-.012 


-.016 


-.02 1 


-.046 


-.050 


-.051 


5.6 


-.107 


-.103 


-,090 


-.070 


-.048 


-.032 


-.025 
.034 


5.6 


-.053 


-.046 


-,028 


-.005 


.015 


.029 


6.0 


.072 


.087 


.070 


.065 


.058 


.051 


.048 


6.2 


.094 


.070 


.0)^5 


.021 


.004 


-.002 


6.4 


-,013 


-.017 


-.026 


-.036 


-.01)4 


-.048 


-.049 


6.6 


-.098 

-.046 


-.Oqi 


-.083 


-.067 


-.oi)9 


-.035 


-.030 


6.8 


-.o4i 


-.025 


-.006 


.012 


.024 


.029 


7.0 


.068 


.067 


.066 


.062 


.056 


.051 


.049 


7.2 


.086 


.080 


.065 


.044 


.023 


.009 


.003 


7.4 


-.014 


lioS^ 


-.025 


-.034 


-.o4i 


-.045 


-.046 


^•i 


-.092 
-.o4i 


-.079 


-.06H 


-.04° 


-.038 


-.033 


7.8 


-.036 


-.023 


-.006 


.010 


,021 


.025 



8.0 .072 ,072 



.071 



,068 .064 .061 



.060 



6,0 .065 ,064 ,063 .060 .055 .051 .043 
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